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InTroduCTIon
Characteristics of ‘chronic abdominal pain’
Patients with chronic abdominal pain commonly present to family physicians and specialists 
including internists, gastro-enterologists, surgeons, gynecologists, pediatricians and pain-
specialists (often anesthesiologists). Searching the cause of pain often elicits an extensive 
diagnostic tour aimed at identifying an intra-abdominally located diseased viscus. Over-
looking the abdominal wall as the source of pain frequently results in a progressively 
frustrating and dangerous diagnostic journey, and not seldomly leads to explorative 
(laparoscopic) surgery.1 If all of these diagnostic efforts appear futile, patients receive 
diagnoses ‘per exclusionem’ such as irritable bowel syndrome, spastic colon, hysteria, 
malingering and other psychiatric disorders.2 Various patients participating in studies that 
are presented in this thesis would confirm that ‘they pondered on committing suicide, not 
only because of the intensity of pain, but also because they felt guilty that not one diagnosis 
fitted their symptoms’.
Apart from a substantial doctor’s delay associated with the ultimate identification of the 
abdominal wall as the source of pain, the financio-economic consequences of such futile 
diagnostic efforts are considerable. Some 10 years ago already, estimated average cost of 
a workup in patients who were later diagnosed with an abdominal wall pain syndrome 
were reported to range from $914 up to as much as $6727.3,4
Some have suggested that abdominal wall pain is a novelty, a ‘luxury disease’ or a ‘result of 
current societal pressures’. However, it must be appreciated that abdominal wall syndromes 
go ‘way back’. Just three years after the French Revolution, Frank reported in 1792 on a 
‘condition of the abdominal wall mimicking visceral disease’ that he named ‘Peritonitis 
Muscularis’.5 In the first year after World War I, Cyriax also attracted attention to the 
phenomenon of ‘abdominal pain originating from sites other then visceral anatomic 
structures’.6 Soon thereafter, Janowski also found that ‘symptoms suggesting visceral 
disease could instead be attributed to the abdominal wall’.7
Carnett is considered the ‘Godfather of the family of abdominal wall syndromes’. He sug-
gested in 1926 that an important subtype of abdominal pain is caused by dysfunctioning 
of intercostal nerves residing in the abdominal wall.8 This variant of abdominal pain 
caused by ‘intercostal neuralgia’ was easily diagnosed using a simple test that was even-
tually honored with his name. He taught that ‘tenderness originating from the inside of 
the abdominal cavity due to a diseased viscus usually decreases when the patient tenses the 
abdominal wall’. During Carnett’s test, a supine patient is asked to lift head and shoulders 
from the bed, or lift both legs at the same time, while the examiner is palpating the point of 
most intense pain. A Carnett’s test is considered positive if pain is unchanged or increases. 
This test was found to have a 78% sensitivity and a 88% specificity in diagnosing non-
visceral pain without underlying pathology.3,9 One study in the present thesis also found 
that 88% of ACNES patients demonstrated a positive Carnett’s test.10 One other study 
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prospectively evaluated the fate of patients with chronic abdominal pain demonstrating 
a set of minimal criteria suggesting abdominal wall pain. These criteria included a very 
superficially located tenderness or positive Carnett’s sign combined with a constant and 
localized area of pain that was not larger than a fingertip. It was found that 72 of 79 included 
patients (91%) experienced a minimal 50% reduction of pain following injection of a local 
anesthetic agent. Of the 7 non-responders, 4 patients were diagnosed with visceral disease 
later on.11
The incidence of abdominal wall syndromes is unknown but may be substantial. It has 
been postulated that abdominal wall pain is present in 1 of every 100 surgical referrals.12 
Abdominal wall pain was diagnosed in approximately 15% of referrals for nonspecific 
abdominal pain in an outpatient pain clinic.13 Therefore, it may seem that abdominal wall 
pain is not exceptional. 
Anterior cutaneous nerve entrapment syndrome (ACNES) 
Patient history
Although the differential diagnosis of abdominal wall pain is extensive, intercostal nerve 
entrapment at the lateral border of the rectus muscle is considered a most common cause.5 
Although these nerves are effectively anchored at several points where they change direc-
tion or penetrate a fascia, it is hypothesized that anterior (end) branches are preferentially 
affected because the consequences of nerve stretching are greatest at its far end. Moreover, 
these anterior end branches penetrate the rectus muscle at an almost right angle.14 The 
combined effect of stretching and anatomic restrictions may cause nerve ischemia leading 
to a vicious circle of swelling-pain-muscle spasm-ischemia-swelling. Pressure from inte-
rior portions of the abdominal wall is hypothesized to lead to herniation of the fatty tissue 
surrounding the neurovascular bundle contributing to the entrapment.14 The anterior 
cutaneous nerve entrapment syndrome (ACNES) is thought to result from these events.
ACNES patients describe their symptoms as a localized dull or burning pain with a sharp 
component that is often related to activity or posture. Pain may radiate towards the back 
or obliquely downwards into the groin. Its onset is often acute, and many patients report 
that they woke up one bad day with pain that worsened over time. Pain is usually continuous 
with exacerbations. Others may experience episodes of pain interrupted by relatively pain 
free periods. The pain is frequently located on one side although it may occur bilaterally, 
usually at the same level or even at more than one level at opposite sides. The pain may be 
very intense and invariably leads to considerable anxiety and worries whereas somatization, 
carcinophobia and depression are looming. 
Gastro-intestinal symptoms (in ACNES literature termed “pseudo-visceral complaints”) 
associated with ACNES are not conditional, but some patients may report weight loss due 
to decreased intake resulting from a vague nausea. Others may even experience increase 
of pain after a meal. However, the mere body position associated with sitting at the dining 
table causes pain that may be wrongly attributed to pain due to eating. Others report bloating, 
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abdominal swelling, increased ructus, alterations in defecation patterns, extreme nausea 
occasionally leading to vomiting or changed micturation. It is easily appreciated that such 
observations lead to confused patients if not their consulted doctors. 
Physical examination in ACNES
Patients are often so preoccupied with the intense pain that they initially do not realize that 
the area of tenderness is often extremely small and superficially located. The patient may 
well be capable to exactly locate the trigger point (maximal point of pain) when specifically 
asked to ‘aim with one finger’ towards the location of pain. An examiner can easily confirm 
the small area of intense pain using just one palpating index finger. The Carnett’s test should 
be performed at this particular small area. Additional pinching of skin overlaying the painful 
site using thumb and index finger while lifting the skin is nearly always painful (‘pinch test’). 
In most patients, an area of diminished or altered skin sensitivity is also found by simply 
using a swab and alcohol gauze. In most patients, these tests elicit various manifestations 
of dysesthesia: hypoesthesia, hyperesthesia, even hyperalgesia or allodynia. Occasionally, 
pain is also provoked while deeply palpating tissue overlying proximal portions of the 
effected nerve. Additional trigger points may also be identified as proximal as the para-
vertebral area of the corresponding dermatome, just next to the thoracovertebral column. 
The diagnosis ACNES is not difficult once findings of history and physical examination 
are correctly interpreted. This is certainly true if pain is not progressive and if no evidence 
of visceral disease is present following standard blood testing and imaging techniques. 
‘Physicians who consider abdominal wall pain in their patients often find it’.1 
Objective of the thesis
The main objective is to evaluate the efficacy of a simple diagnostic and therapeutic protocol 
in patients with anterior cutaneous nerve entrapment syndrome (ACNES).
Research protocols were set up to answer the following questions:
1. What is the efficacy of a diagnostic work up protocol and treatment regimen in patients 
with suspected ACNES? (Chapter 2)
2. Is the anesthetic agent lidocaine more effective than normal saline regarding pain 
reduction in patients with suspected ACNES? (Chapter 3)
3. What is the efficacy of trigger point infiltration using lidocaine combined with methyl-
prednisolone in patients with ACNES? (Chapter 4) 
4. Does an anterior neurectomy effectively reduce pain in patients with ACNES who are 
unresponsive to conservative treatment? (Chapter 5)
5. What is the long-term success rate of an anterior neurectomy in terms of freedom of 
pain in a large ACNES population? (Chapter 6)
6. What is the efficacy of an anterior neurectomy in children and adolescents with ACNES? 
(Chapter 7)
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7. Does a posterior variant of ACNES responsible for severe back pain exist (POCNES)? 
(Chapter 8)
Outline of thesis
ACNES is an often ignored syndrome causing a severe form of chronic abdominal pain 
that is caused by entrapment of end branches of intercostal nerves. A general introduction 
including characteristics of patient history, physical examination and aims of the present 
thesis is provided in chapter 1. 
Literature on a step-by-step diagnostic and therapeutic approach for ACNES is absent. 
In chapter 2, treatment results obtained from the largest consecutive series of ACNES 
patients to date are provided (n=139). The efficacy of consecutive injections with lidocaine 
combined with methylprednisolone, followed by an anterior neurectomy in a substantial 
portion of refractory patients, is described and discussed.
As ACNES supposedly is caused by nerve entrapment, local injection of a nerve-blocking 
agent will likely influence symptoms. Reduction of pain following an injected anesthetic 
agent indicates that the suspected diagnosis is correct. However, some seriously doubted 
the existence of ACNES at all and suggested that pain attenuation following anesthetic 
agent injection was due to a placebo effect. In chapter 3, the pain reducing effects following 
lidocaine and normal saline are compared in a blinded randomized model. It is hypothe-
sized that the effect of lidocaine is not mediated by a placebo effect.
A single diagnostic infiltration ultimately is therapeutic in a portion of patients as demon-
strated in chapter 2. The phenomenon of a therapeutic effect after an intended diagnostic 
infiltration is a consistent finding as also reported by others. Moreover, persistent pain 
relief is found in an even larger population using sequential trigger point infiltrations 
combining local anesthetics with corticosteroids.2,13,15-18 The literature on the beneficial 
effects of locally injected corticosteroids in the treatment of neuropathic pain syndromes 
is contradictory. Moreover, a high risk on biases and lack of long-term results in available 
nonrandomized studies contribute to the confusion. The effects of corticosteroids in the 
treatment of ACNES are unknown. Observations regarding the use of a mix of corticosteroids 
and an anesthetic agent in ACNES patients are discussed in chapter 4. As this combination 
may be more long-term effective compared to repeated injections of just anesthetic agents, 
a randomized trial is proposed, which also aims to filter short term placebo effects from 
long term symptom relief. 
When conservative measures fail to achieve lasting pain relief in ACNES patients, a 
neurectomy is suggested as a last resort option by some. However, randomized controlled 
data on surgery for ACNES are unavailable. Chapter 5 describes the effect of an anterior 
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neurectomy on pain perception in patients with suspected ACNES who are refractory to 
conservative measures. Individuals undergoing a sham operation served as controls. It is 
hypothesized that pain attenuation following neurectomy is due to resection of the entrapped 
nerve at the level of the ventral rectus fascia and not resulting from a placebo effect. 
Findings of a study determining the long-term success rate of an anterior neurectomy in 
terms of freedom of pain in a large ACNES population are presented in chapter 6. It is 
hypothesized that the majority of initially pain free neurectomized patient remain free of 
abdominal pain on the long term.
ACNES as the cause for chronic abdominal pain is seldom considered in adults. This is 
even more so in children and adolescents. The syndrome should be included in the differ-
ential diagnostic workup of each youngster with chronic abdominal pain. However, if 
diagnosed, only conservative measures are usually proposed. Data on surgery for ACNES 
in children are nonexistent. Reviewers of one pediatric journal considered publication of 
these data frankly ‘dangerous’. Results of surgery for ACNES in a small series of children 
who were refractory to conservative treatment are discussed in chapter 7. 
In chapter 8 a patient with a severe type of neuropathic chronic back pain is presented. She 
appeared to suffer from an ACNES type of pain syndrome, although signs and symptoms 
were located in the lower back area just lateral to the lower thoracovertebral column. A local 
neurectomy was effective in abolishing the pain. The acronym POCNES is proposed 
(posterior cutaneous nerve entrapment syndrome). 
A summarizing discussion and future perspectives are provided in chapter 9.
Summary in Dutch is provided in chapter 10. 
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Abstract
InTroduCTIon 
Anterior Cutaneous Nerve Entrapment Syndrome (ACNES) is generally neglected as a 
source of chronic abdominal pain. Aim of the present study was to evaluate the efficacy of 
a diagnostic work up protocol and treatment regimen in patients with suspected ACNES.
MeThods
A consecutive series of all patients presenting with chronic abdominal pain suggestive of 
ACNES between 2003 and 2008 was evaluated retrospectively. Patients were offered a 
single diagnostic injection of 1% lidocaine into the trigger point followed by subsequent 
therapeutic injections including corticosteroids. If pain was than refractory, an anterior 
neurectomy was performed. Pain scores were done using a Visual Analogue Scale (VAS) 
for evaluation of the injection regimen and Verbal Rating Scale (VRS, 1-5) for long-term 
efficacy. 
resulTs
A total of 139 patients with suspected ACNES (77% female, mean age 47±17 y) was evaluated. 
Eighty one percent (n=94) demonstrated a VAS reduction of at least 50% after the first 
injection. Some 33% (n=44) remained permanently pain free after injection therapy only. 
Sixty-nine patients underwent a neurectomy that was successful in 49 (71% (very) satisfying 
VRS (1-2)), whereas an additional 9% reported attenuated levels of pain (VRS 3). 
ConClusIon
A regimen of consecutive local trigger point injections is effective in one-thirds of patients 
with ACNES. Surgical neurectomy is effective in about two-thirds of the injection regimen 
refractory patients. Eighty percent of the entire ACNES population reports total or sub-
stantial pain relief on the long term.
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InTroduCTIon
“Neuralgia of the nerves which supply the abdominal wall is a subject which has never 
received merited recognition in medical literature. It is an exceedingly common affection, 
and failure to recognize its presence inevitably leads to erroneous diagnoses and results 
often in futile operations”. With this statement Carnett started his article ‘Intercostal 
neuralgia as a cause of abdominal pain and tenderness’ published in 1926.1 These confes-
sions still hold very true as the Anterior Cutaneous Nerve Entrapment Syndrome (ACNES) 
continues to be frequently overlooked as a cause for chronic abdominal pain2-5. 
An important drive for this on-going neglect of ACNES is the physician’s preoccupation 
with ‘visceral thinking’. When a patient presents with abdominal pain, the focus is directed 
towards organs using extensive imaging techniques, (laboratory) testing and sometimes 
even surgery.2 More importantly, wrongfully attributing pain to viscera can result in a frus-
trating situation for both patient and doctor. When comprehensive diagnostic batteries 
remain inconclusive, chronic abdominal pain patients are sometimes even referred to 
psychiatrists and psychotherapists suggesting a psychogenic or functional disorder.6 It 
is obvious that such regimens result in a high consumption of medical resources and 
finances.3;7;8
An alternative way of approaching a patient with chronic abdominal pain is to ignore the 
plethora of recent diagnostic evaluations and reinstitute an extensive history taking followed 
by a concise physical examination. ACNES is an example of a clinical entity that can easily 
be diagnosed using this simple approach. Since we published a paper in a Dutch journal, 
we have seen a considerable number of such patients referred from elsewhere as well as 
from our own clinic.9 
Aim of the present study is to evaluate the efficacy of our diagnostic work up protocol and 
treatment regimen in patients with suspected ACNES.
MaTerIals and MeThods
A retrospective observational study was performed between January 2003 and August 2008 
in the Máxima Medical Center (MMC), Veldhoven, The Netherlands. The MMC is an 865-
bed community hospital serving a population of approximately 350.000 inhabitants. Over 
the last decade, the two senior surgical authors (MS, RR) have developed an interest in the 
treatment of patients with chronic abdominal and groin pain syndromes including nerve 
entrapments such as ACNES.9 As our occupation with ACNES was communicated to various 
other health care professionals, the majority of the present study patients was referred by 
fellow surgeons or general practitioners from well outside of our referral region. All of these 
cases were consecutively registered in a database. 
Patients were evaluated by MS or RR using a standard history and physical examination. 
Abdominal wall pain was qualified by a set of common signs and symptoms1;2;7;10-12 Charac-
teristics are as follows. 1. A constant site of tenderness that is superficially located with a 
small (< 2 cm2) area of maximal tenderness. 2. The most intense pain can be localized by 
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the tip of one finger, and 3. Tenderness increases by abdominal muscle tensing using the 
Carnett’s test.7 During this test, the investigator localizes the point of maximal pain with 
his index finger. The patient is then asked to lift the head or upper torso or the legs while the 
palpating index finger remains on the painful spot. If the pain aggravates with this lifting, 
or is at least equal, its origin is probably located in the abdominal wall (Carnett positive). 
In contrast, pain of visceral origin is attenuated during this test (Carnett negative).1;7 
Based on the patient’s history and the presence of the above mentioned pain characteristics, 
the diagnosis ACNES was thought highly probable. Subsequently, the possibility of this 
diagnosis was discussed with the patient. Consequently, verbal consent was obtained for the 
local administration of a first diagnostic injection of an anesthetic agent. After explaining 
the specifics of the injection procedure, the patient was positioned supine and the point of 
maximal pain was marked followed by a subfascial injection of 10 ml of 1% lidocaine. If 
levels of pain after a 10 to 15 minute observation period were considerably lower or absent, 
characteristics of the diagnosis ACNES were communicated, and the patient received a 
control appointment after two weeks. Pain was measured on a Visual Analogue Scale 
[VAS, 0 mm (pain absent) to 100 mm (excruciating pain)] immediately before and some 
10 minutes after the injection. 
If the pain had returned at the first outpatient control, a combination of 10 ml 1% lidocaine 
and 40 mg of Methylprednisolone was injected into the same area. Patients qualified for 
surgery if levels of pain after the injection regimen were unacceptable or grossly interfered 
with daily activities. They were informed on alternative treatments (oral pain medication, 
physical therapy, pain team) as well as the nature of the surgical procedure and its specifics. 
They all consented verbally and in writing to the operative procedure. 
Surgical procedure
Patients were operated in a day care setting. The area of maximal pain was again identified 
using the Carnett test and marked. Once general anesthesia was administered, the anterior 
sheath of the abdominal rectus muscle was exposed via a transverse 5-7 cm skin incision. 
The neurovascular bundle penetrating into the subcutaneous fat through the pre-existent 
fascial foramen was identified. The fascia was widened and the bundle was ligated and 
removed as well as all its branches within a 5 cm radius (Figure 1).
Accompanying vascular structures were ligated or coagulated. The sheath as well as the 
remainder of the wound was closed in layers using absorbable suturing material. The 
patients received a control visit at the outpatient department approximately 6 weeks post-
operatively. Satisfaction after surgery was then recorded on a Verbal Rating Scale (Table 1).
All patients that were registered in the database were contacted to complete a questionnaire 
evaluating long-term clinical success. If this questionnaire was not returned within 2 months, 
they were contacted once by telephone. Of both conservatively and surgically treated patients 
the level of satisfaction was recorded on the Verbal Rating Scale. 
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1 I am very satisfied, I never experience pain 
2 I am very satisfied, I occasionally experience some pain
3 I have improved, but experience pain on a regular basis
4 I have had no result on this treatment
5 My pain is worse after treatment
Table 1: Level of satisfaction after treatment for ACNES using Verbal Rating Scale. 
Data analysis
Data analysis was performed using SPSS 16.0 for windows. Descriptive measures were 
presented as percentages, mean values (± SD) or median values (range) as appropriate. 
Visual Analogue Scale (VAS) scores were recorded before and after the first infiltration. 
Changes in VAS over time were calculated using a Wilcoxon signed rank test. A p-value < 
0.05 was considered statistically significant. 
resulTs
Pain characteristics
A total of 139 consecutive patients with suspected ACNES was identified, 107 (77%) 
females and 32 (23%) males. Mean age was 47±17 y (range 13-87). Thirty one percent 
experienced pain for more than one year and in one out of eight even for more than 5 years 
(Figure 2). 
 
Figure 1: Intra-operative view of a neuro-
vascular bundle (loop) and a nearby 
branch (loop) perforating the fascial 
foramina of the anterior sheath of the 
abdominal rectus muscle.
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Possible etiological factors for pain are displayed in Table 2. About half (54%) of the patients 
reported that the pain had begun spontaneously. In contrast, some 20% thought that 
the syndrome had started following previous abdominal surgery (midline laparotomy, 
appendectomy, pfannenstiel incisions or laparoscopies). Interestingly, 10% of the female 
patients (9% of total population) claimed that the pain had started in relation to pregnancy.
Data on pain location were available in 92% (131/139). Pain location was right-sided in 
63% (82/131) and 37% (49/131) on the left side. Some half (47%, 62/131) of the population 
reported pain in the lower right abdominal area. Eight patients (6%) harboured multiple 
trigger points (2-3) on both sides of the abdominal wall, mostly located in the lower 
Etiological Factor Percentages (%)
Spontaneous/eci 54
Previous Surgery 20
Pregnancy 9
Sports 7
Job Related 7
Unusual Activity 3
Table 2: Possible etiological factors of abdominal wall pain due to ACNES; eci: e causa ignota.
Figure 2: Duration of abdominal pain prior to the diagnosis ACNES. 
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Figure 3: Treatment strategy. Flowchart of 139 patients with alleged ACNES showing consecutive 
steps in the diagnosis and treatment protocol. TPI: Trigger Point Infiltration.
139 patients identified with alleged ACNES
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Temporary or  
partial relief  
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Painfree  
after surgery 
n=49
Painfree after 
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treatment  
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policy  
n=7
Permanent  
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quadrants. Results on the Carnett’s test were available in 136 patients (98%). A positive 
test result was noted in 122 (88%) whereas an inconclusive test was observed in 9%. Three 
percent was negative. 
Injection regimen
Some 97% (135/139) received a diagnostic infiltration of the trigger point. The remaining 
four individuals felt reassured after being informed about the nature and specifics of the 
diagnosis ACNES and refused infiltration (Figure 3). 
The first lidocaine injection was considered successful in 86% of the patients (n=116; 
permanent pain relief, n=28; temporary/partial relief n=88). The remaining 14% (n=18) 
either received a second infiltration (n=4) or were referred to a pain team or physical 
therapist (n=14) because another pain syndrome was suspected. One patient never returned 
after this first infiltration and was considered lost. After this one single diagnostic injection, 
some 20% (28/135) remained pain free. In contrast, 65% (88/135) experienced only partial 
or temporary relief of whom thirty-one patients experienced an effect for days or even 
several weeks. 
Pre and post diagnostic injection VAS-scores were available in 86% of the patients (116/135). 
The median VAS score after the diagnostic infiltration was significantly lower (0 mm, 
range 0-70) compared to the median VAS score before (70 mm, range 35-100; p<0.001). 
Some 81% (94/116) demonstrated a VAS reduction of at least 50% (Table 3). The overall 
mean reduction in pain score was 77%.
Fifty-six of the 88 (64%) with partial or temporary relief opted for a repeated injection 
including Methylprednisolone, resulting in an additional 16 patients with permanent pain 
relief. Thus, a total of 32% (44/135) was treated successfully by injections exclusively. Seven 
patients did not experience a satisfactory reduction of pain but refused surgery because 
they considered their level of pain acceptable. 
Surgery
Eventually, half of the entire ACNES population received a neurectomy (n=69, Figure 3). 
At the six weeks post-operative evaluation, 49 patients (71%) reported to be (very) satisfied 
with the result (VRS 1 or 2). In an additional 9% (6/69) the pain level was reduced (VRS 3). 
Twenty percent (14/69) of the patients was not satisfied with the result (VRS 4), of whom 
8 did not experience any effect, but 6 patients noticed lateralization of the trigger point. 
No patient scored VRS 5.
Questionnaire
The response rate to the questionnaire was 87% (121/139) whereas an answer was not 
attained in 18 patients (dead n=1, dementia n=1, current address unavailable n=2, no 
response n=14). After a median follow-up of 18 months (range, 1-64), 71% (86/121) was 
satisfied by the final result (VRS 1-2). Specified to treatment regimen, some 76% of the 
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injection group and 69% of the neurectomy group was very satisfied (VRS1, 2). An addi-
tional 12% reported some improvement by our treatment regimen but still experienced 
pain on a regular basis (VRS 3). Of the operated patients 7% was unhappy with the final 
treatment result (VRS 4). A 6% (n=4) recurrence rate after surgery was observed. No VRS 
5 was scored. 
dIsCussIon
Once ACNES is considered as a cause of chronic abdominal pain, the majority of patients 
(86%) is correctly diagnosed by local infiltration using a short acting anesthetic agent. 
A simple treatment regimen including injections and neurectomy will lead to long-term 
pain relief in four out of five ACNES patients. The present study reports on the largest 
series of ACNES patients in literature and is unique as it describes the entire diagnostic 
and therapeutic regimen including conservative as well as surgical interventional results.
A substantial portion of our patients harboured this ACNES pain for quite some time, 12% 
(17/139) for more than 5 years. Patients presenting with abdominal wall pain are frequently 
misdiagnosed as suffering from a visceral ailment, and ACNES is rarely considered in the 
differential diagnosis. A recent survey of Dutch surgeons and residents demonstrated that 
only 18% of the surgeons ever contemplated the diagnosis whereas a mere 9% of the resi-
dents was familiar with the syndrome.9 This lack of knowledge on ACNES is universal.8;13
Acknowledgement of the disorder is relevant to diverse groups of specialists since these 
patients may present to surgeons, gynecologists, gastroenterologists, urologists, pediatri-
cians, anesthesiologists and emergency doctors. Some 20% of patients that were acutely 
admitted to a surgical department for unspecific abdominal pain was ultimately diag-
nosed as having abdominal wall pain.8 Up to 10% of patients having some sort of chronic 
abdominal pain presenting to a gastroenterologist department suffered from ACNES or 
another abdominal wall pain.14 Others found a 30% incidence of abdominal wall pain in a 
population referred to a pain clinic.8;13 These data indicate that ACNES is ubiquitous and 
probably the most under-diagnosed syndrome that is around.
VAS reduction (%) Number (%)
A
B
C
D
0
1-49
50-99
100
18 (16)
4 (3)
25 (22)
69 (59)
Table 3: Results of reduction on the Visual Analogue Scale before and after the first diagnostic 
injection in 116 patients. The number of patients is presented in four categories; A: no effect of 
infiltration. B: less than 50 % improvement. C: more than 50 % improvement. D: 100 % reduction. 
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The role of diagnostic and therapeutic injections for ACNES was unclear. The present 
study found that a single lidocaine injection resulted in an immediate pain reduction in 
83% of the patients with alleged ACNES. Moreover, one of five patients remained pain free. 
One or two re-infiltrations combined with steroids led to persistent pain relief in one out of 
three patients (33%, 44/134). These data suggest that it is worthwhile to initiate treatment 
of ACNES with an infiltration regimen.
A first line of treatment for patients with ACNES is injection-based. It is surprising that in 
a substantial portion of patients pain relief after one single injection persisted much longer 
than might be expected considering its short pharmacological half-life. Many of our patients 
reported considerable pain relief for weeks or even months. This unexpected long-lasting 
effect has been reported by various other authors as well and may be attributed to a placebo 
effect.7 However, an alternative explanation for this untoward phenomenon may be the 
finding that lidocaine changes sodium channels of nerves altering the make-up of various 
isomers associated with chronic pain.15
Two-thirds of the entire ACNES population only temporarily benefitted from infiltration. 
These patients with ‘refractory’ ACNES were offered surgical resection of the entrapped end-
branches of the intercostal nerves. Freedom from pain was achieved in about 70% of these 
surgical patients with refractory ACNES. Literature on surgical treatment for refractory 
ACNES is scarce.2;8;16 One study of 28 neurectomies reported an 80% satisfaction rate after 
1 year of follow up.17 Similar rates were published in other small series.3;18-20 The present 
1.5 yr follow-up study with a high response rate demonstrates that the initial pain reduction 
persisted over time whereas recurrences were very few (6%). The majority of patients of 
both the injection (76%) and the surgical group (69%) remain satisfied and free of pain 
on the long term.
Although some characteristics of ACNES have become increasingly clear over the years, 
the present analysis discloses some remarkable observations. One finding is the female 
preponderance as three quarters of the patients were women. Pregnancy contributes to 
this gender-specificity as 10% (11/107) of the female patients claimed that the pain had 
started during or shortly after their pregnancy.
About half of all patients reported a trigger point in their lower right abdominal area. 
A logical anatomical explanation for this observation is lacking although these surgical 
authors think that a right-sided preponderance results from referral bias under the pre-
sumed (visceral) diagnosis appendicitis or cholecystitis. 
Following surgical exploration and neurectomy, a small portion of patients (9%) reported 
that the pain had moved to a more lateral area of the abdominal wall. A possible explanation 
for ‘pain lateralization’ may be the fact that nerve entrapment is not exclusively located at 
the level of the anterior fascia of the abdominal rectus muscle, but also at the level of the 
lateral margin of the (posterior) rectus sheath. Exploration of the dorsal side of the rectus 
muscle followed by neurectomy at the lateral margin can, in our experience, eventually offer 
relief in some of the failures following a standard anterior neurectomy.
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It is appreciated that the retrospective character of the present study limits its power. 
Some suggest that unblinded observations of improvement of symptoms are per defini-
tion caused by a placebo effect. The present series describes a large prospectively collected 
patient cohort. Many patients suffered from their abdominal pain syndrome for many years 
and had undergone multiple unsuccessful earlier interventions including surgery. The 
likelihood that this patient group was cured by a placebo effect of our treatment protocol 
is very low. Nevertheless, a randomized placebo controlled trial is the only means by which 
such noise can be identified. Randomized studies on ACNES are hitherto absent possibly 
because some authors consider such trials unethical.7;21-23
We, on the contrary, are convinced that such an approach is mandatory. In fact, inclusion for 
a trial evaluating diagnostic and treatment regimens on pain outcome in ACNES was started 
in our institution immediately after the present study period ended (September 2008). 
This randomized controlled study (Netherlands Trial Registration: NTR 2016) will provide 
level 2 evidence-based answers and will clarify some of the uncertainties associated with 
ACNES. 
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Abstract
baCkground 
Anterior Cutaneous Nerve Entrapment Syndrome (ACNES) is hardly considered in the 
differential diagnosis of chronic abdominal pain. Some even doubt the existence of such 
a syndrome and attribute reported successful treatment results to a placebo effect.
The objective was to clarify the role of local anesthetics in diagnosing ACNES. Pain attenua-
tion following lidocaine injection was hypothesized more prominent compared to saline 
injection. 
MeThod 
Patients >18 years with suspected ACNES were randomized to receive a injection of 10 cc 
of 1% lidocaine or saline into the point of maximal abdominal wall pain just underneath 
the anterior fascia of the rectus abdominis muscle. Pain was recorded using a Visual 
Analogue Scale (VAS: 1-100 mm) and a Verbal Rating Scale (VRS 0 = no pain, 4 = severe 
pain) during physical examination just prior to and 15-20 minutes after injection. A reduc-
tion of at least 50% on VAS and/or 2 points on VRS was considered a ‘successful response’.
resulTs 
Between August 2008 and December 2010 48 patients were randomized (7 males and 41 
females, median age 45, both arms n=24). In the saline group, 4 patients reported a success-
ful response compared to 13 in the lidocaine group (p=0.007).
ConClusIon 
Entrapped branches of intercostal nerves may contribute to the clinical picture in some 
chronic abdominal pain patients. Pain reduction following local infiltration in these 
suspected ACNES patients is based on an anesthetic mechanism and not on a placebo or 
a mechanical (volume) effect. 
TrIal regIsTraTIon 
Nederlands Trial Register, www.trialregister.nl NTR 2016.
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InTroduCTIon  
Up to 30% of the patients with chronic abdominal pain suffer from pain localized in the 
abdominal wall.1-4 Although these patients are seldom able to discriminate visceral (organ-
related) from parietal (abdominal wall) pain themselves, a simple test such as Carnett’s 
allows for a distinction between the two varieties.2,5,6 A positive test result is frequently 
associated with the Anterior Cutaneous Nerve Entrapment Syndrome (ACNES), although 
some doubt the existence of this somewhat illusive and mysterious pain entity.7 ACNES is 
a pain syndrome thought to be the result of entrapment of cutaneous branches of an inter-
costal nerve at the level of the rectus abdominis muscle.8,9
A cohort study recently reported on the results of a tailored regimen on diagnosis and treat-
ment in patients with suspected ACNES (n=139 patients).10 The diagnosis is suggested by 
the combination of the patient’s history (chronic pain), physical examination (circumscript 
pain localization) and the absence of objective abnormalities (laboratory, ultrasound and/
or CT scan). If these findings are consistent with ACNES, one may decide to administer a 
diagnostic local subfascial anesthetics injection, or a so-called Trigger Point Infiltration 
(TPI). Some state that a salutary effect of a single injection is placebo-based whereas others 
hypothesize a dry-needling or acupuncture-like mechanism.11-14 Randomized controlled 
data in the diagnostic setting of ACNES are unavailable. 
The primary aim of the present study was to compare the effect of a single TPI with either 
lidocaine or saline on pain perception in the diagnostic setting in patients with suspected 
ACNES. It was hypothesized that pain attenuation following lidocaine injection was more 
prominent compared to saline injection.
MaTerIals and MeThods
This single-center randomized double blind placebo controlled trial was conducted at a 
large teaching hospital (Máxima Medical Center (MMC), Veldhoven) in the Netherlands. The 
MMC is an 865-bed community hospital serving a population of approximately 350 000 
inhabitants. As our institute has gained a reputation of specializing in diagnosing and 
treating chronic pain patients presenting with abdominal wall or groin nerve entrapment 
syndromes, patients are increasingly being referred from other Dutch hospitals, including 
academic centers.10,15-17 The Medical Ethics committee of MMC approved the study design, 
protocol and informed consent procedures. The study was registered in the Dutch Clinical 
Trial Register (NTR2016). 
This prospective randomized double blind placebo-controlled trial was designed and 
reported according to the CONSORT guidelines.
All patients >18 year suffering from locoregional abdominal pain for at least one month 
were eligible for this study if all of the following criteria were met: 
1. Unilateral single tender spot (trigger point),
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2. Constant site of abdominal tenderness with a small (< 2 cm2) area of maximal intensity 
(finger tip) within the lateral boundaries of the rectus abdominis muscle,
3. Tenderness increases by abdominal muscle tensing using the Carnett’s test. During 
this test, the investigator localizes and stabilizes the point of maximal pain using his 
index finger. The patient is then asked to lift the upper torso or both legs while the 
palpating index finger remains on the painful spot. When pain intensity is increased 
by this manoeuvre, the origin of the pain is most likely located in the abdominal 
wall2,5,6,18,19
4. Normal laboratory findings (C-reactive protein concentration <6 mg/L, serum-leukocytes 
4-109 L, urine sedimentation) and
5. No abnormal abdominal imaging (if previously performed). 
Exclusion criteria were: prior injection at the site of maximum pain, surgical scar related pain 
syndromes, recent intra-abdominal pathology, lidocaine allergy, co-morbidity or impaired 
communication.
If patient characteristics fulfilled these criteria, the possible diagnosis ACNES was com-
municated and informed consent for the local administration of a first diagnostic injection 
was obtained. After explaining the injection procedure, the participant was randomized to 
either receive a subfascial injection of 10 ml of 1% lidocaine or 10 ml of saline at the point 
of maximal pain. The injection was performed by a free hand technique with the patient 
in supine position without ultrasound at the outpatient department.
The primary endpoint was the proportion of patients achieving a minimal 50% improve-
ment in pain perception measured on a Visual Analogue Scale [VAS, 0 mm (pain absent) 
to 100 mm (excruciating pain)], and/or an, at least, 2 point improvement on a Verbal Rating 
Scale (VRS 0 = no pain, 4 = severe pain), during physical examination 15-20 minutes after 
the TPI compared to directly before.20 The secondary endpoint was the investigator or 
patient’s ability to correctly predict the type of administered injection based on the observed 
effect (both subjective and physical findings) 15-20 minutes after the TPI. Patient and 
primary investigator (both blinded) were asked to register their opinion on the injected 
agent, lidocaine or saline. 
Based on previous experience with a cohort of ACNES patients, the study was powered for 
the primary endpoint to detect a difference in proportion of successful response (minimal 
50% improvement in pain perception) of 75% in the lidocaine group versus a successful 
response of 30% in the saline (placebo) group, with a two-sided 5% significance level and 
a power of 80%.10 To achieve this, a sample size of 22 patients per group was required. To 
correct for possible dropouts or lost to follow up (10%) enrolment of 48 patients was deemed 
necessary. To recruit this number of patients a 24-month inclusion period was anticipated. 
Participants were randomly assigned to one of the treatment groups following a computer-
generated list of random numbers by blocks of eight. The allocation sequence was concealed 
from the researcher enrolling, injecting and assessing participants in sequentially num-
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bered, opaque and sealed envelopes, prepared by a secretary with no involvement in the 
trial. After enrolment an outpatient department nurse opened the next consecutively 
numbered envelope and a syringe was prepared according to the allocation and checked 
by a non-trial participating doctor. Name and date of birth of the participant were written 
on the envelope. Since both fluids are colourless and odourless, investigator and participant 
remained blinded. The allocation was revealed only after follow-up at two weeks and out-
comes were assessed by the primary investigator and communicated with the patient.
Statistical analysis
Baseline characteristics were presented as percentages, mean values (±SD) or median values 
(range) as appropriate. Differences in baseline characteristics between placebo and inter-
vention group were tested using a Chi square test for categorical variables and a Student’s 
t-test (normal distribution) or Mann-Whitney test (skewed distribution) in case of continuous 
variables. The difference in proportions of success between groups was calculated using 
the Yeates-corrected Chi Square. A p-value <0·05 was considered statistically significant. 
Data analysis was performed using SPSS 16.0 for Windows.
resulTs 
Patients were recruited from August 2008 through December 2010. A total of 126 patients 
were referred and evaluated for an alleged abdominal wall related pain (Figure 1). Based 
on physical examination or laboratory or imaging findings, the origin of the abdominal pain 
was considered less likely wall-related in 13 patients. A total of 59 patients were excluded 
including 25 individuals who had already received TPI in an earlier phase. Six patients did 
not consent to participation. Therefore, 48 patients were randomized and received the 
allocated intervention (lidocaine, n=24; saline n=24). 
There were no significant differences between groups regarding baseline demographics, 
pain characteristics (VAS, VRS) and disability scores as summarized in table 1. All patients 
received TPI according to allocation. All data obtained was complete for all participants 
without dropouts or loss to follow up.
Concerning the primary endpoint, the number of patients demonstrating a successful 
response (>50% VAS difference and/or > 2 VRS categories) was significantly higher in the 
group receiving lidocaine compared to saline (lidocaine n=13/24 versus saline n=4/24, 
p=0.007, Figure 2). Evaluation of the secondary endpoint showed that 26 (54%) patients 
correctly predicted the type of administered agent (lidocaine n=8/24, saline 18/24). In 
contrast, the principle investigator was correct on the nature of the injected agent in 36 
(75%) patients (lidocaine n=14/24, saline n=22/24). 
No adverse events occurred apart from an occasional small hematoma that resolved 
spontaneously. Some patients from both groups reported increased levels of pain during 
the first few days following examination and TPI (lidocaine n=3, saline n=4). 
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Figure 1: Diagram showing patient enrolment and follow-up.
Assessed for eligibility (n=126)
 Excluded: Other cause of (intra) abdominal pain (n=13)
Refused informed consent (n=6)
Suspected ACNES (n=113)
Eligible (n=54)
Randomised (n=48)
Lost to follow-up (n=0)
Patients analysed (n=24)
TPI with 10 ml of 1% Lidocaine (n=24)
Lost to follow-up (n=0)
Patients analysed (n=24)
TPI with 10 ml of 0.9% saline (n=24)
Not eligible (n=59)
- Received TPI prior to enrolment (n=25)
- Nerve entrapment due to surgical scar (n=17)
- Multiple trigger points (n=6)
- Co-morbidity (n=5)
- <18 years (n=4)
- Communication problems (n=2)
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dIsCussIon
The present double blind, placebo controlled trial is the first to demonstrate that individuals 
with abdominal pain suggestive of ACNES experience significantly more often pain reduc-
tion after lidocaine infiltration compared to saline. Interestingly, a blinded experienced 
investigator was able to correctly predict the type of injected agent in the majority (three 
quarter) of patients with suspected ACNES. In contrast, the patient’s correct estimation 
was like tossing a coin. These findings suggest that an experienced physician is often able 
to predict the presence of a pain entity such as ACNES on the basis of a diagnostic injection, 
whereas on the contrary patients are usually ignorant of the abdominal wall’s localization 
of the syndrome. This is in line with the fact that ACNES patients often report the presence 
of pseudo-visceral symptoms.21,22 
A long lasting soothing effect after just one single anesthetic injection is frequently reported 
in various abdominal wall pain syndromes. This observation urged critics to conclude that 
a placebo phenomenon may be involved.7 Randomized investigations were advised but con-
sidered unethical.5 Others suggested that the pain cycle is interrupted by ‘a dry needling 
effect’ as in acupuncture.11-14 It has also been hypothesized that the injected volume results 
in hydrodissection leading to release of an entrapped nerve.23 This latter mechanism may 
Figure 2: Illustration of successful response (> 50% VAS difference and/or 2 VRS categories) in two 
groups of patients with suspected ACNES, infiltrated with either lidocaine or saline (*p=0.007); 
Y-axis shows the number of patients.
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Lidocaine
(n=24)
Saline
(n=24)
Age        Median (range)  46 (20-65) 48 (18-73) 
Sex ratio M:F 4:20 3:21
Height (cm)
Weight (kg)
BMI (kg/m2)
Median (range)
170 (157-200)
75 (48-128)
26 (18-41) 
173 (154-179) 
70 (57-117) 
24 (19-37) 
Etiology (n)
Spontaneous
Sport 
Job related
Recent abdominal surgery
Pregnancy 
Special activity
15
1
0
6
0
2
17
1
1
3
1
1
Duration of pain prior to diagnosis (Months) 
Median (range)
12 (1- >120) 14 (1- >120)
Local sensory abnormality around  
trigger point
(number of patients)
17 19
VAS (mm) Median (range) 65 (25-88) 69 (22-90)
Verbal Rating Scale Pain (n)
0 = No pain
1 = Very mild pain
2 = Mild pain
3 = Moderate pain
4 = Severe pain
0
1
3
10
10
0
3
2
6
13
Verbal Rating Scale Disability (n)
No pain on daily activities
Mild pain but no disability
Disabled during heavy activity
Disabled during light activity
1
9
9
5
1
5
6
12
Abdominal wall location (n)
Right upper quadrant
Right lower quadrant
Left upper quadrant
Left lower quadrant
6
9
3
6
8
9
3
4
Table 1: Baseline patient demographics, pain characteristics (VAS, VRS) and disability scores
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be involved as the volume effect of a 10 ml bolus of any type within a confined subfascial 
space may possibly reduce a small fat pad that is herniated and compresses the nerve during 
its passage through the rectus abdominis muscle as is hypothesized in ACNES.8,24-26 The 
finding that 4 patients reported attenuated pain levels following saline may be due to either 
of these above suggested mechanisms. 
Other theories postulate that long lasting beneficial effects of anesthetic agents in chronic 
pain syndromes may be due to interaction between these agents and the make-up of sodium-
channel isomers found on the nerve axons involved in chronic pain.27 Based on the obser-
vations from the present trial patients with abdominal wall pain caused by ACNES are 
thought to experience pain due to entrapped nerve endings. Moreover, pain levels can be 
influenced using anesthetic agents blocking nerve transmission. Data of the present study 
therefore strongly support the contention that ACNES is a nerve related abdominal wall 
problem. The clinical observation that more than two thirds of the ACNES patients have an 
area of several centimeters around the trigger point with sensory disturbances (hypesthesia, 
hyperalgia or allodynia, table 1) is highly suggestive of a peripheral nerve lesion. On the 
other hand, as local trigger points are also the hallmark of the so called myofascial pain 
syndromes, these entities should also be considered in the differential diagnosis.28 Future 
research in patients with suspected ACNES needs focus on objectively substantiating 
these sensory skin alterations by performing quantitative sensory testing.29,30
Although all 48 patients harboured signs and symptoms suspective of ACNES, only a little 
over half of the lidocaine group experienced a significant pain reduction. Several phenomena 
may explain this limited response. Firstly, it is thought that nerve entrapment in ACNES is 
usually situated at the level of the ventral fascia of the rectus abdominis muscle. Lidocaine 
was therefore injected immediately after the needle was felt to cross the superficial fascia. 
However, it may well be that some of the non-responders have a form of ACNES charac-
terized by nerve entrapment (or herniation) at dorsal or lateral portions of the muscle as 
hypothesized by others.8 Entrapment may even be present at more proximal portions of the 
intercostal nerve causing a trigger point in the rectus abdominis by a Valleix’ phenomenon.
Secondly, a per protocol 15-20 minutes waiting time after injection may have been too short 
in a portion of the individuals. In some lidocaine patients a less than 50% pain relief after 
injection was initially observed, although at a two week evaluation time point they reported 
a substantial pain reduction or even absence of pain in the first few hours or days after the 
injection. Due to the rigorous protocol, this pain free period was not evaluated in these 
patients. Thirdly, lidocaine may not have reached the exact point of entrapment as a free 
hand injection technique was used. Ultra Sound (US) guided injection may be an adjunct 
as small fascia openings allowing nerve passage may be visualized. This technique has been 
reported in a study on nine ACNES patients and appeared successful in six.23 Although 
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almost similar success rates were obtained in the present study, a US guided technique may 
allow for optimally targeted infiltration and reduced lidocaine volume. Convincing evidence 
supporting the benefits of US guided infiltration, however, are presently unavailable.  
ACNES still is a frequently overlooked entity and patients are subjected to prolonged 
doctor’s delay.2,4,31-33 The median time to diagnosis in the present trial was 13 months (a few 
even as much as >120 months). A long delay will inevitably lead to central sensitization in 
some patients. It is hoped that this study will allow for an accelerated diagnostic pathway 
in patients with suspected abdominal wall pain. A search for a trigger point in the rectus 
abdominis muscle and a simple diagnostic injection with a local anesthetic may indeed cut 
costs and may reduce the number of unnecessarily performed visceral investigations.7,31
In conclusion, a single lidocaine injection in the trigger point of the rectus abdominis 
muscle in patients with suspected ACNES significantly attenuates pain levels and may aid 
in the differential diagnosis of (chronic) abdominal pain.
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Abstract
baCkground 
Ongoing entrapment of terminal branches of intercostal nerves in the rectus abdominis 
muscle may lead to spontaneous ectopic discharges and severe neuropathic pain in what 
is known as the anterior cutaneous nerve entrapment syndrome (ACNES). Pain relief is 
reported with sequential infiltrations of the point of maximal pain using local anesthetic 
agents. However, adding corticosteroids as a means to improve anesthetic efficacy is con-
troversial. Aim of the present study was to evaluate the effects of abdominal wall injections 
using local anesthetics combined with corticosteroids in ACNES patients. 
MeThods
This prospective case series entails a cohort of ACNES patients from a previously published 
randomised trial (NTR2016). Patients >18 years with suspected ACNES received 1-3 injec-
tions of 10 cc of 1% lidocaine combined with 40 mg of methylprednisolone into the point 
of maximal abdominal wall pain. Pain was recorded during physical examination just prior 
to and 15-20 minutes after injection and during follow up after two weeks using a visual 
analogue scale (VAS, 1-100 mm) and a verbal rating scale (VRS, 0-4). A >50% VAS reduction 
or a minimal 2 points VRS decrease was considered a ‘successful response’.
resulTs
Between August 2008 and December 2010, 50 consecutive patients were studied. Imme-
diately following infiltration, 72% (36/50) demonstrated a successful response. One thirds 
of the injected patients (17/50) reported a lasting pain reduction. Five of these 17 patients 
needed multiple injections.
ConClusIons
Infiltration(s) of the point of maximal pain using a local anesthetic agent combined with 
methylprednisolone offers long-term pain relief in one third of patients with ACNES. It is 
unclear whether the anesthetic effect is due to methylprednisolone or to lidocaine. 
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InTroduCTIon
Up to 30% of patients with chronic abdominal pain of unknown origin may suffer from 
an abdominal wall related syndrome.1,2 When a discrete painful area containing a point of 
maximal pain is identified on simple palpation, patients may suffer from an anterior 
cutaneous nerve entrapment syndrome (ACNES). Both localized somatosensory distur-
bances (burning, pricking, radiating sensations, hypesthesia or allodynia) of the skin 
covering the point of pain combined with a positive Carnett’s test contribute to the diag-
nosis. During Carnett’s test, the investigator localizes the point of maximal pain using his 
index finger. While maintaining the finger on this tender spot, the patient is asked to lift 
the upper torso or both legs. When pain intensity is increased following this movement, 
the origin of the pain is most likely located in the abdominal wall.
Repetitive laboratory tests and multimodal imaging often do not allow for identification of 
a wall related source of pain. Entrapped terminal branches of intercostal nerves at the level 
of the anterior sheath of the rectus abdominus muscle are thought to cause ACNES.3 
If untreated, ongoing nerve entrapment may lead to microscopic damages and spontaneous 
ectopic discharges causing severe neuropathic pain. Abdominal wall muscles movements 
aggravate these phenomena.4 Immediate pain relief following injection of an anesthetic 
agent just dorsal to the anterior rectus sheath is diagnostic in ACNES patients.
Treating ACNES is simple and straightforward in most patients. A study reporting on a 
tailored regimen in a large cohort (n=139) supported findings of previous studies that 
diagnostic infiltrations are therapeutic in a substantial portion of patients.5 Moreover, per-
sistent pain relief is reported in an even larger population using sequential infiltrations 
combining local anesthetics with corticosteroids.6-8 It is hypothesized that corticosteroids 
may contribute to effective analgesia by alleviating ectopic neuronal discharges whereas 
the release of local inflammatory mediators at the site of nerve injury is prohibited.9 
The literature on the effect of locally injected corticosteroids in the treatment of neuro-
pathic pain syndromes is controversial. Moreover, the effects of corticosteroids in the treat-
ment of ACNES are unknown. Authors of the present study have repeatedly observed that 
the addition of corticosteroids may elicit (temporarily) more pain than lidocaine injection 
alone. These phenomena are possibly related to an increased nerve toxicity of the mixture.10,11 
Conversely, using a combination of corticosteroids and an anesthetic agent may be more 
long-term effective compared to injection of an anesthetic agent only. The aim of the present 
study was to evaluate the efficacy of repetitive abdominal wall injections using local anes-
thetics combined with corticosteroids in ACNES patients. 
MaTerIals and MeThods
This prospective case series was conducted at a large teaching hospital. The surgical depart-
ment has gained a considerable experience in the treatment of chronic abdominal wall pain 
and groin pain syndromes3,12-15. Patients with ACNES and other neuralgias (post-herniorrhaphy 
or Pfannenstiel entrapments) are evaluated and treated by a team of experts in ‘SolviMáx’ 
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(Center of Excellence for Abdominal Wall and Groin Pain), a referral center for a substantial 
number of other Dutch hospitals including all 8 Academic Centers. The Medical Ethics 
Committee of MMC approved study design, protocol and informed consent procedures. 
The study was registered in the Netherlands Clinical Trial Register (NTR2016). Design and 
reporting of this trial was performed according to the CONSORT guidelines.16 Randomized 
trials studying aspects of diagnostics and surgery of ACNES were recently published.3,5 
The present paper reports on some observational aspects of conservatively treated ACNES 
in this trial cohort.
Study criteria
Patients were eligible for the present study if all of the following criteria were met as 
previously reported:3,15
1.  Adult patients (>18 year) suffering from loco-regional abdominal pain for at least one 
month
2.  Unilateral pain in the abdominal area
3.  Constant site of abdominal tenderness with a small (< 2 cm2, ‘finger tip’) area of maximal 
intensity situated within the lateral boundaries of the rectus abdominis muscle
4.  Tenderness increases by abdominal muscle tensing using the Carnett’s test
5.  Normal laboratory findings (C-reactive protein concentration <6 mg/L, serum-leukocytes 
4-109 L and urine sedimentation tests)
6.  No abnormal abdominal imaging (if previously performed).
Exclusion criteria were surgical scar related pain syndromes, recent intra-abdominal pathol-
ogy, relevant comorbidity or impaired communication. Study information was provided in 
the outpatient department and patients were given sufficient time to consider participation. 
Informed consent was obtained once individuals complied with all study requirements. 
Most participants had already received a subfascial diagnostic injection with an anesthetic 
agent (10 cc of 1% lidocaine) in an earlier phase as part of a randomized trial.3 
Specifics of injection
The area of maximal pain was confirmed using Carnett’s test and marked with a pencil. 
A subfascial injection of 10 ml of 1% lidocaine combined with 40 mg of a methylpredni-
solone suspension was administered at the point of maximal pain. The primary investigator 
(OB) performed all of the injections and outcome assessments. At the outpatient department 
a free hand technique was used with the patient in supine position. Ultrasound was not used 
as a needle tip passing the superficial rectus fascia can easily be felt. Patients were encouraged 
to resume daily activities as soon as possible. 
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Follow up
Patients were interviewed and examined some 15 to 20 minutes after the injection(s), and 
two weeks thereafter in the outpatient clinic. Primary endpoint was a successful response 
following injection. Success was defined as a minimal 50% improvement in pain percep-
tion using a visual analogue scale [VAS, 0 mm (pain absent) to 100 mm (excruciating pain)], 
or an at least 2-point improvement on the verbal rating scale (VRS 0-4, 0 = no pain, 4 = severe 
pain) as reported previously.3,15 In a majority of studies testing the efficacy of pain treatments, 
a 30% pain reduction using VAS or NRS (numeric rating scale) is considered a clinically 
relevant reduction. This percentage is often validated in relation to improved satisfaction 
rates (1), diminished medication usage (2) and expert’s opinion about patient’s improve-
ment (3). A 50% pain relief is often viewed as a stringent outcome. This cut off point is also 
validated in numerous studies and is connected to ‘the highest degree’ of pain improve-
ment. (4-8).
If success was only temporary, a stratagem of repeated injections was provided with a 
maximum of three injections of 10 ml of 1% lidocaine/40 mg methylprednisolone suspen-
sion with two-week intervals. When patients reported an unsatisfactory result after this 
multiple injection regimen, the trial endpoint was reached and they were offered alternative 
treatment options including a surgical neurectomy.5,15
Level of disability caused by the pain was measured using a 4-point VRS-disability score 
(table 1). Characteristics including age, sex, body length, weight and pain related specifics 
such as presumed etiology were tabulated. Skin sensibility was tested using a swab or gauze 
soaked with alcohol. Data were expressed as median or mean as appropriate. 
Role of the funding sources
No funding was used or had any role in study design, data collection, data analysis, data 
interpretation, or writing of the report. The corresponding author had full access to all 
data in the study and had final responsibility for the decision to submit for publication.
resulTs 
A total of 126 patients were evaluated for an alleged abdominal wall related pain between 
August 2008 and December 2010 (Table 1). Based on physical examination or laboratory 
or imaging findings, the abdominal pain was not wall-related in 13 patients. Additionally, 
53 patients were excluded for reasons as presented in figure 1. 
For instance, a substantial portion of patients (n=13) was excluded as they had received 
injections in the referring center. Moreover, 6 other patients became pain free after a single 
‘diagnostic’ injection using 1% lidocaine in our institution. Eight patients did not consent 
to participation. Therefore, 50 patients participated in the present study. Data sets of this 
population were complete. Baseline demographics, pain characteristics and disability scores 
are summarized in table 2. 
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Figure 1: Diagram showing patient enrolment and follow-up; ACNES = Anterior Cutaneous Nerve 
Entrapment Syndrome.
Assessed for presumed ACNES (n=126)
 Excluded: Other cause of (intra) abdominal pain (n=13)
Refused informed consent (n=8)
Suspected ACNES (n=113)
Eligible for present study (n=58)
Recruited for injection with Lidocaine and Methylprednisolone (n=50)
Patients analysed (n=50)
Lost to follow-up (n=0)
Not eligible (n=53)
-  Nerve entrapment within surgical scar (n=17)
-  Multiple trigger point infiltrations in referring hospital (n=13)
- Pain free after 1 injection of lidocaine (n=6)
-  Multiple trigger points (n=6)
- Significant co-morbidity (n=5)
-  < 18 years (n=4)
-  Language barrier (n=2) 
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Prior to injection the majority of patients (44/50) reported moderate to severe pain, debilitat-
ing in 34 individuals. As per protocol, all patients received an infiltration using 10 cc of 1% 
lidocaine mixed with 40 mg of prednisolone. Some 15 to 20 minutes later, 72% (36/50) 
demonstrated by definition a successful response. During a median 14 months follow-up 
period, twelve of these 36 patients still reported a significant pain reduction and were satis-
fied. Five other patients reported a lasting successful response after 2-3 additional injections.
At the end of the evaluation period, six weeks after last intervention, one third (17/50) 
demonstrated a lasting successful response following the lidocaine-methylprednisolone 
cocktail. Conversely, insufficient pain relief was obtained in the remaining population 
(33/50, 66%). A surgical neurectomy was performed in all but one of these refractory 
patients.15 At a median follow-up of 14 months, only one of 17 patients returned with recur-
rent pain after a 2-year pain free interval.
No adverse events occurred during injections apart from an occasional small hematoma 
that resolved spontaneously. Some dizziness during the first few minutes after injection 
was occasionally reported. Skin necrosis and myopathy was not observed. No severe adverse 
events associated with steroid administration were expected as concentrations were con-
sidered low.
dIsCussIon
This prospective case series investigates the effect of a strategy of local abdominal wall infil-
tration using a mix of 10 ml of 1% lidocaine and 40 mg methylprednisolone in ACNES 
patients. Strikingly, almost three quarters (72%) reported a significant pain reduction some 
15-20 minutes following injection. After a more than one-year median follow-up period, 
a third (n=17, 34%) was still satisfied with the anesthetic effect of injection therapy. Inter-
estingly, a quarter of the patients (n=12) reported this effect after just one single injection. 
Recent literature strongly supports injection therapy as a first interventional step in patients 
with ACNES. A previous retrospective paper reporting on 139 consecutively treated ACNES 
patients found that 33% were pain free following one or multiple injections using lidocaine 
alone and combined with methylprednisolone.5 Other authors have reported similar find-
ings.17,18 A review of the literature on the efficacy of local anesthetic blocks in neuralgia 
identified two remarkable features. Firstly, an anesthetic effect far beyond the reported half-
life of the injected agent is consistently reported. Secondly, reported outcomes are highly 
consistent.19 In the present observational study, 6 of 50 patients demonstrated a lasting 
effect after a single injection using a simple local anesthetic agent that was administered 
in the diagnostic phase. It may be questioned whether the long-term success of multiple 
injections is due to a cumulative effect of the repetitive injection of lidocaine per se. 
Alternatively, the addition of corticosteroids may be responsible for this beneficial effect. 
Increased nerve toxicity of the mixture may also play a significant role.10,11 Randomized 
data possibly shedding light on these issues were not found in the literature. 
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Number of patients (n=50)
Age* (y)      46 (20-74) 
Sex ratio M:F 11:39
Height (cm)**
Weight (kg)**
BMI (kg/m2)**
172 (8) cm
77 (15) kg
26 (5)
Etiology (n)
Spontaneous
Recent abdominal surgery
Pregnancy
Unusual activity/sport
37
8
1
4
Duration of pain prior to enrollment (months)*       13 (5- >120)
Presence of local somatosensory disturbances  
around point of maximal pain 
33
VAS (mm)* 62 (11-85)
Verbal Rating Scale (n)
0 = No pain
1 = Very mild 
2 = Mild 
3 = Moderate 
4 = Severe 
0
1
5
20
22
Verbal Rating Disability Scale (n)
No pain on daily activities
Mild pain, but no disability
Disabled during heavy activity
Disabled during light activity
0
16
15
19
Abdominal wall pain location (n)
Right upper quadrant
Right lower 
Left upper 
Left lower 
7
29
2
12
Table 1: Baseline patient demographics, pain characteristics and disability scores. Abbreviations: 
VAS = Visual Analogue Scale; BMI = Body Mass Index. Data are presented as medians (*) with 
ranges or means (**) with standard deviations, as appropriate. 
53addinG corticosteroids to a local anesthetic aGent
The existing literature on the effects of injection therapy for various neuropathic pain syn-
dromes is contradictory. On the one hand, one study found that a local block using 80 mg 
depo-methylprednisolone added to 0.5% lidocaine was more effective than lidocaine alone 
in patients with neuropathic pain due to peripheral nerve damage.20 A blinded randomized 
study in Morton neuroma also demonstrated that corticosteroid injections were more effec-
tive compared to local anesthetics in the three months observation period.21 Moreover, a 
local injection with triamcinolone acetonide combined with lignocaine was significantly 
more effective than lignocaine alone in the treatment of postherpetic pain.22 On the other 
hand however, peri-radicular corticosteroids infiltration did not provide any additional 
benefit when compared to local anesthetic injection alone in patients with radicular pain 
due to lumbar disc herniation or lumbar spinal stenosis. Corticosteroid injections also did 
not obviate the need for subsequent interventions such as additional root blocks or surgery.23 
A comparable result was attained in a randomized controlled trial investigating epidural 
corticosteroid injections for sciatica. Lumbar epidural corticosteroid injections offered 
transient benefits at 3 weeks but not later on. In addition, surgery was required for both 
groups.24 Remarkably, procaine HCl injection appeared as effective as steroids in the 
management of carpal tunnel syndrome.25 These contradictory results are possibly related 
to differences in pain entities, application sites and administered agents concentrations. 
Nevertheless, it is concluded that the literature does not provide a straightforward answer 
regarding questions on the merits of the addition of corticosteroid to a standard injection 
of anesthetic agents for neuropathic pain. 
This prospective case series harbors potential flaws. The study is possibly biased by a lack 
of blinding of patients, observers and a control group. Although this study strongly sug-
gests a beneficial effect of corticosteroids, evidence is not provided. The role of injection 
therapy using local anesthetic agents (with or without corticosteroids) in ACNES is firmly 
established by a number of case reports, small series and one large series.5,17 However, a 
controlled trial is required prior to incorporating corticosteroids as a standard additive 
agent for injection therapy in ACNES patients. 
Proposal of a randomized trial (ACNES-CORTICO)
The contradictory literature combined with data of the present study have prompted us to 
design a prospective study termed ‘Randomized single-blind controlled trial of conservative 
treatment by local injection therapy (with or without corticosteroids) for entrapment of the 
anterior intercostal cutaneous nerve (Netherlands Trial Registry NTR 4141).
The main objective of this study is to compare the anesthetic effect of abdominal wall infil-
tration using either a mix of 40 mg of corticosteroids and 10 cc of 2% lidocaine compared 
or just 10 cc of 2% lidocaine. A successful response in terms of pain reduction is defined 
as a minimal 50% drop using a VAS scale and/or a 2 points reduction using a 5 points 
VRS (McGill) pain questionnaire. Patients will receive a maximum of two of such injections 
at a 2-3 weeks interval. Endpoint of the study is reached after 12 weeks.
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After a temporarily successful diagnostic injection, patients are computer allocated to group 
A (trigger point injection with 10 cc of 2% lidocaine plus 40 mg of methylprednisolonacetate 
2-3 weeks after diagnosis, and if required, repeated after 2-3 weeks) or to group B (trigger 
point injection with just 10 cc of 2% lidocaine 2-3 weeks after diagnosis and, if required, 
repeated after 2-3 weeks). 
Statistical differences are tested using a Mann-Whitney U test with a power of beta 0.20 
and an alpha of 0.05. A power analysis has revealed that, based on a 30% success rate in 
the treatment group compared to a 10% rate in the control group, a 2 x 62 sample size is 
needed. Including a 10% dropout rate, a total number of 136 patients will be included. 
Completion of inclusion is anticipated towards the end of 2015.
In conclusion, abdominal wall infiltration using a local anesthetic agent combined with 
methylprednisolone offers long-term pain relief in one third of patients with ACNES. The 
technique is readily available, easily applicable and safe. A randomized controlled trial 
studying the potential beneficial effects of corticosteroids addition to an anesthetic agent 
for ACNES is proposed. 
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Abstract
objeCTIve 
To clarify the role of a surgical neurectomy on pain in refractory patients following con-
servatively treated ACNES. 
baCkground 
Anterior cutaneous nerve entrapment syndrome (ACNES) is hardly ever considered in 
the differential diagnosis of chronic abdominal pain. Treatment is usually conservative. 
However, symptoms are often recalcitrant. 
MeThods 
Patients >18 years diagnosed with ACNES were randomized to receive a neurectomy or a 
sham procedure via an open surgical procedure in day care. Both patient and principal inves-
tigator were blinded to the nature of surgery. Pain was recorded using a Visual Analogue 
Scale (VAS: 1-100 mm) and a Verbal Rating Scale (VRS 0-4, 0 = no pain, 4 = severe pain)
prior to surgery and 6 weeks postoperatively. A reduction of at least 50% of VAS and/or 2 
points of VRS was considered a ‘successful response’.
resulTs 
Forty-four patients were randomized between August 2008 and December 2010 (39 females, 
median age 42 years, both groups n=22). In the neurectomy group, 16 patients reported 
a successful pain response. In contrast, significant pain reduction was obtained in 4 patients 
in the sham group (p=0·001). Complications associated with surgery were hematoma 
(n=5, conservative treatment), infection (antibiotic and drainage, n=1) and worsened pain 
(n=1). 
ConClusIon 
Neurectomy of the intercostal nerve endings at the level of the abdominal wall is an effective 
surgical procedure for pain reduction in ACNES patients who failed to respond to a con-
servative regimen.
TrIal regIsTraTIon 
Nederlands Trial Register, www.trialregister.nl NTR 2016
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InTroduCTIon  
Chronic abdominal pain (CAP) is a diagnostic challenge for both general physicians and 
specialists. It often occurs that a definitive diagnosis is not attained, even after extensive 
evaluation including laboratory tests and multimodal imaging. Interestingly, pain is found 
to originate from the abdominal wall rather than from visceral organs in up to 30% of 
patients with CAP.1-4 Although a patient is seldom able to discriminate between the two 
sources of pain, a simple tool such as Carnett’s testing contributes to a distinction between 
the two varieties.2,5,6
A positive Carnett’s test result may also be found in the anterior cutaneous nerve entrap-
ment syndrome (ACNES), a somewhat mysterious pain syndrome that is said to be caused 
by the trapping of end twigs of intercostal nerves at the level of the rectus abdominis 
muscle. This diagnosis is suggested by a combination of the patient’s history (chronic 
pain), physical examination (circumscript pain localization and abnormal sensibility) and 
the absence of objective abnormalities (laboratory, ultrasound and/or CT scan). If ACNES 
is considered, a local subfascial anesthetics injection (trigger point infiltration) may prove 
diagnostic and sometimes therapeutic.7,8 Persistent pain relief is reported using sequen-
tial trigger point infiltrations combining anesthetics with corticosteroids.7,9-13 If pain recurs, 
an anterior neurectomy can be beneficiary in recalcitrant patients. A cohort study recently 
reported on the results of a tailored regimen in 139 patients with suspected ACNES.14 
Half of these patients (n=69) underwent a surgical neurectomy. At a median 18 months 
follow-up, 71% of the patients were still very satisfied with the clinical result of this pro-
cedure. However, randomized controlled data on surgery for ACNES are unavailable. 
The aim of the present study was to evaluate the effect of an anterior neurectomy on pain 
perception in patients with suspected ACNES. Individuals undergoing a sham operation 
served as controls. We hypothesized that pain attenuation following neurectomy resulted 
from resection of the entrapped nerve at the level of the ventral rectus fascia and not from 
a placebo effect.
MaTerIals and MeThods
This randomized controlled trial was conducted at a large teaching hospital (Máxima 
Medical Center (MMC), Veldhoven) in the Southeastern part of the Netherlands. The MMC 
is an 865-bed community hospital serving a population of approximately 350,000 in-
habitants. The Department of General Surgery has gained considerable experience in the 
treatment of chronic pain due to abdominal wall or groin nerve entrapment syndromes.14-17 
The hospital serves as a referral center for a substantial number of other Dutch hospitals 
including all 8 Academic Centers. The Medical Ethics Committee of MMC approved study 
design, protocol and informed consent procedures. The study was registered in the Dutch 
Clinical Trial Register (NTR2016). Design and reporting of this trial occurs according to 
the CONSORT guidelines.18
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All patients >18 year suffering from locoregional abdominal pain for at least one month 
were eligible for study if the following criteria were met: 
1.  Unilateral single tender spot in the abdominal area (trigger point),
2.  Constant site of abdominal tenderness with a small (< 2 cm2, ‘finger tip’) area of maxi-
mal intensity situated within the lateral boundaries of the rectus abdominis muscle,
3.  Tenderness increases by abdominal muscle tensing using the Carnett’s test. During 
this test, the investigator localizes the point of maximal pain using his index finger. 
While maintaining the finger on this tender spot, the patient is asked to lift the upper 
torso or both legs. When pain intensity is increased by this maneuver, the origin of the 
pain is most likely located in the abdominal wall,2,5,6,19,20
4. Temporary pain response (> 50% reduction on VAS) after a trigger point infiltration 
using an anesthetic agent,
5.  Normal laboratory findings (C-reactive protein concentration <6 mg/L, serum-leuko-
cytes 4-109 L, urine sedimentation), and
6. No abnormal abdominal imaging (if previously performed).
7.  Failed earlier conservative treatment 
Exclusion criteria were surgical scar related pain syndromes, recent intra abdominal 
pathology, comorbidity or impaired communication. Patients that met these criteria were 
offered a repeat 10 cc 1% lidocaine injection combined with 40 mg methylprednisolone. 
Only patients insufficiently responding to this injection regimen were considered for the 
present trial. All patients suffered from pain for at least 3 months prior to entering either 
surgical arm. If patients were eligible for study, informed consent was asked. 
Study population characteristics were obtained including age, sex, length, weight and pain 
related specifics such as presumed etiology. Disability caused by the pain was measured 
on using a 4-point VRS. Participants were randomly assigned to one of the treatment groups 
following a computer-generated list of random numbers by blocks of eight. The allocation 
sequence was concealed from the researcher enrolling and assessing participants in 
sequentially numbered, opaque and sealed envelopes, prepared by a secretary with no 
involvement in the trial. Enrolment was performed in the outpatient department and 
patients were provided with substantial time to consider participation in the two to three 
weeks before surgery. 
Patients were operated in a day care setting by one surgeon (RR). The area of maximal 
pain was identified using the Carnett’s test and marked. Once general anesthesia was 
administered, a dedicated secretary was asked to open the next sequential envelope and to 
clearly state the allocated procedure (neurectomy or sham procedure). Name and date of 
birth of the participant were written on the envelope. The anterior sheath of the abdominal 
rectus muscle was exposed after skin and subcutaneous layer were opened via a 5-7 cm 
transverse incision. If a sham procedure was allocated, the procedure was terminated at 
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this point and the wound was closed in layers. If a neurectomy was to be performed, neuro-
vascular bundles penetrating the subcutaneous fat through pre-existent fascial foramina 
were identified. The fascia was opened and the bundle was ligated and removed as well as 
all its branches within a 5 cm radius (Figure 1). Accompanying vascular structures were 
ligated or coagulated. The sheath as well as the remainder of the wound was closed in layers 
using absorbable suturing material. 
The wound of both study groups was infiltrated with 10 cc of 0·25% bupivacaine. After 
discharge, patients were encouraged to resume daily activities as soon as possible. 
The primary investigator (OB) assessed outcomes in the outpatient department six weeks 
post operatively. Patients were interviewed and a physical examination was performed. The 
investigator and participants were blinded to the characteristics of the surgical procedure. 
Allocation was revealed only after completion of the 6-week study period or if an intercurrent 
event warranted re-intervention. If a sham procedure was performed with an unsuccessful 
outcome, patients were offered a reoperation including a real neurectomy within 6 weeks 
thereafter. 
Endpoint was the proportion of patients achieving a minimal 50% improvement in pain 
perception measured using a Visual Analogue Scale [VAS, 0 mm (pain absent) to 100 mm 
(excruciating pain)], and/or an at least 2-point point improvement on a Verbal Rating Scale 
(VRS 0-4, 0 = no pain, 4 = severe pain) at the 6 weeks time point postoperatively com-
pared to the preoperative VAS and VRS. 
Based on the experience with a cohort of ACNES patients, the study was powered for the 
endpoint to detect a difference in proportion of successful response (minimal 50% 
improvement in pain perception) of 75% in the neurectomy group versus a successful 
response of 30% in the sham surgery (placebo) group, with a two-sided 5% significance 
level and a power of 80%.14 To achieve this, a sample size of 22 patients per group was 
required. A 24-month inclusion period was anticipated for recruitment. Since drop out or 
loss to follow up was not expected, trial sample size was maintained at this number of 
patients.
Figure 1: Intra-operative view of a neuro-
vascular bundle (loop) and a nearby 
branch (loop) perforating the fascial 
foramina of the anterior sheath of the 
abdominal rectus muscle.
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Figure 2: Study flow chart
Assessed for eligibility (n=126)
 Excluded: Other cause of pain likely (n=13)
Refused participation after study information (n=11)
Suspected ACNES (n=113)
Eligible for study (n=55)
Randomized (n=44)
Lost to follow-up (n=0)
Patients analyzed (n=22)
Neurectomy (n=22)
Lost to follow-up (n=0)
Patients analyzed (n=22)
Sham surgery (n=22)
Not eligible (n=58)
-  Pain free after conservative treatment (n=11)
-  VAS reduction <50% after anesthetic injection (n=13)
-  Nerve entrapment due to surgical scar (n=17)
-  >1 pain trigger point (n=6)
-  Comorbidity (n=5)
- <18 years (n=4)
- Language (n=2)
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Statistical analysis
Baseline characteristics were presented as percentages, mean (±SD) or median values (range) 
as appropriate. Differences in baseline characteristics between study groups were tested 
using a Chi square test for categorical variables and a Student’s t-test (normal distribution) 
or Mann-Whitney test (skewed distribution) in case of continuous variables. The difference 
in proportions of success was calculated using the Yeates-corrected Chi Square. A p-value 
<0·05 was considered statistically significant. Data analysis was performed using SPSS 16 
for Windows.
Results  
Patients were recruited from August 1st 2008 through December 31st 2010. A total of 126 
patients were evaluated for an alleged abdominal wall related pain (Figure 2). Based on 
physical examination and/or laboratory/imaging findings, the origin of the abdominal 
pain was considered less likely related to the abdominal wall in 13 patients. An additional 
group of 58 patients was excluded for reasons listed in figure 2. As 11 patients did not con-
sent to participation, 44 patients were randomized after informed consent and all received 
the allocated intervention (neurectomy n=22; sham n=22). Baseline demographics, pain 
levels (VAS, VRS) and disability scores are summarized in table 1. Data accrual was complete 
without dropouts or loss to follow up. Individual patient data are presented in Table 2.
The number of patients demonstrating a successful response was significantly higher in 
the group receiving a neurectomy compared to sham surgery (neurectomy, n=16/22 versus 
sham, n=4/22, p=0·001, Figure 3). Eighteen of the 22 sham patients reported an unsuccess-
ful pain response and were all reoperated within 6 weeks after de-blinding. A reoperation 
resulted in 11 of these 18 (61%) in successful pain reduction as again evaluated 6 weeks 
later. All 4 initially successful sham patients returned with pain within 6 months after 
surgery. A second procedure entailing a real neurectomy proved successful in 3 of these 4.
Multiple penetrating nerve branches (median 2, range 1-3) were routinely found during the 
neurectomy procedure. Complications associated with surgery were localized hematoma 
(n=5, conservative treatment), infection (n=1, antibiotics and drainage) and increased level 
of local pain (n=1). 
dIsCussIon
The present trial is the first to demonstrate the efficacy of a neurectomy in patients with 
abdominal pain diagnosed with ACNES in a double blind, placebo controlled setting. 
Neurectomized individuals experienced significantly more often pain reduction compared 
to patients just undergoing a sham procedure. Since the number needed to treat is very low 
(treat 3 to cure 2), a reasonably limited surgical procedure such as an anterior neurectomy 
appears a very effective therapeutic option. Hitherto, the syndrome of ACNES is associated 
with skepticism that is fuelled by ‘scientific’ evidence provided by opinions of experts. For 
instance, a long lasting soothing effect after just one anesthetic injection is often reported 
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Neurectomy
(n=22)
Sham
(n=22)
Age         45 (20-73) 40 (19-65) 
Sex ratio M:F 2:20 3:19
Height (cm)
Weight (kg)
BMI (kg/m2)
171 (7) cm
76 (21) kg
26 (7)
168 (5) cm
75 (16) kg
25 (5)
Etiology (n)
Spontaneous
Sport 
Job relateda
Recent abdominal surgery
Pregnancya
Unusual activity
15
1
0
4
0
2
17
1
0
3
0
1
Duration pain prior to surgery (Months)       19 (5- >120) 12 (3- >60)
Local sensory dysfunction around pain point 17 19
VAS (mm) 62 (22-88) 73 (34-98)
Verbal Rating Scale Pain (n)
0 = No pain
1 = Very mild 
2 = Mild 
3 = Moderate 
4 = Severe 
0
0
3
9
10
0
1
2
6
13
Verbal Rating Scale Disability (n)
No pain on daily activities
Mild pain but no disability
Disabled during heavy activity
Disabled during light activity
1
8
8
5
1
5
6
10
Abdominal pain location (n)
Right upper quadrant
Right lower 
Left upper 
Left lower 
5
9
3
5
7
9
2
4
Table 1: Baseline patient demographics, pain characteristics (VAS, VRS) and disability scores; 
BMI = Body Mass Index. aAlthough not contributing in the present cohort job related activities and 
pregnancy are considered etiologic factors.14 Means are presented with (SD) and medians with 
(Range).
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Randomization 
number
VAS Pre  
Surgery
VAS Post 
Surgery
Relative reduction 
of VAS
VRS  
reduction
Succes by  
definition
Neurectomie      
3 60 18 70% 2 Yes
5 69 9 87% 2 Yes
6 85 0 100% 3 Yes
7 30 0 100% 4 Yes
9 50 0 100% 3 Yes
14 74 14 81% 1 Yes
15 35 44  - 0  
16 34 35  - 0  
17 22 4 82% 2 Yes
19 29 11 62% 2 Yes
22 76 0 100% 3 Yes
23 36 0 100% 2 Yes
25 67 5 93% 3 Yes
26 56 5 91% 2 Yes
27 53 5 91% 3 Yes
29 35 16 54% 0 Yes
30 62 80  - 0  
35 31 38  - 0  
38 45 53  - 0  
40 76 78  - 0  
42 52 15 71% 2 Yes
43 35 9 74% 2 Yes
Sham      
1 12 83  - 0  
2 34 42  - 0  
4 29 27 7% 1  
8 72 45 37% 0  
10 94 83 12% 0  
11 68 4 94% 3 Yes
12 5 73  - 0  
13 65 72  - 0  
18 51 0 100% 3 Yes
20 47 68  - 0  
21 34 52  - 0  
24 32 44  - 0  
28 61 63  - 1  
31 62 55 11% 0  
32 38 10 74% 1 Yes
33 47 42  - 0  
34 52 47 11% 0  
36 24 51  - 0  
37 71 10 86% 2 Yes
39 55 81  - 0  
41 63 68  - 0  
44 58 38 44% 1  
Table 2: Individual patient data, indicates no reduction or even increase of pain, (VAS: Visual Analogue 
Scale, VRS: Verbal Rating Scale).
68 surGery for acnes
in various abdominal wall pain syndromes including ACNES.7,9-13 Since the exact patient 
composition of reported cohorts frequently remained unspecified, a positive or confirmative 
selection bias process likely influences this beneficial outcome. These subjective observa-
tions have led critics to suggest that a placebo phenomenon might be involved. However, 
a placebo controlled trial in alleged ACNES was considered difficult to ethically justify.5 
If pain associated with ACNES was refractory to all conservative stratagems, surgery was 
deemed acceptable as a final resort and sometimes appeared successful.2 The present trial 
demonstrates that a placebo effect can be ignored as the major contributing factor to 
surgical success in ACNES. A neurectomy should therefore be considered as a treatment 
option in desperate patients not responding to conservative strategies.
Although considered the gold standard in contemporary research, one may question the 
ethics of randomized trials including sham surgery. However, a number of studies including 
a sham surgical arm performed under Institutional Review Board approved settings have 
delivered important and sometimes untoward results in the last 60 odd years. For instance, 
ligation of the internal mammary as a means to improve heart blood flow appeared 
completely ineffective as demonstrated in the late 1950’s.21 A more recent blind, sham-
controlled trial showed no benefit of most commonly performed arthroscopic procedures 
for osteoarthritis.22 As uterine nerves contain sensory afferents originating in the pelvic 
Figure 3: Illustration of successful response (> 50% VAS difference and/or 2 VRS categories) in two 
groups of patients with suspected ACNES, who either underwent a neurectomy or a sham procedure 
(p=0·001); Y-axis shows the number of patients.
0
5
10
15
20
25
Neurectomy Sham
Succes
Failure
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area, ablation was a routinely performed and generally accepted treatment in women with 
chronic pelvic pain and dysmenorrhea. However, a surgical trial with a sham arm provided 
evidence of just a limited effect of uterine nerve transection on dysmenorrhea in the absence 
of endometriosis. In contrast, nerve removal was ineffective in non-dysmenorrhoeic or 
endometriotic chronic pelvic pain.23,24 A novel invasive procedure requires an ongoing pro-
cess of monitoring and evaluations prior to a large scale implementation. A double blind 
controlled trial including a sham surgery arm is currently the most powerful tool for a safe 
introduction of such novel procedures in surgical practice. 
Findings of the present trial are in line with results of a recent study in ACNES patients 
demonstrating that 2 of 3 neurectomized patients are pain free after a 18 months follow 
up.14 However, it is unclear why some patients fulfilling the strict set of 6 inclusion criteria 
did not benefit from surgery. In the present trial, a little over one fourth of the patients 
(6/22) receiving a neurectomy did not experience a significant pain reduction. A number 
of explanations may be forwarded. It is generally thought that nerve entrapment in 
ACNES is usually situated at the level of the superficial fascia of the rectus abdominis 
muscle. The injected anesthetic agent may have diffused towards more deeper located 
nerve portions leading to a successful pain response and subsequent study inclusion. As 
the neurectomy just included nerve end twigs piercing through ventral portions of the 
fascia, it may be that these surgical non responders have a type of ACNES characterized 
by nerve entrapment at dorsal or lateral portions of the muscle as hypothesized by others.7 
This theory is also supported by the observation that some non responders in a retrospective 
cohort did benefit from a second neurectomy at the dorsolateral side of the rectus muscle, 
at the level of the nerve entering the rectus sheet.14 Failure to identify neighboring end 
branches responsible for the abdominal pain may also explain some of the non responders. 
A median number of 2 nerve branches were found in the present trial. Routine exploration 
of a 5 to 5 cm area of the ventral fascia is advised as a means to reduce the percentage of 
surgical failures. 
A small portion of the study patients (n=4) appeared free of pain although nerve endings 
were not removed during the sham operation. Interestingly, although satisfied with their 
level of pain at the 6 weeks postoperative evaluation, all 4 opted for a reoperation in the 
ensuing months as ‘the pain had recurred’. Three of these 4 reported a successful response 
after a true neurectomy. It is unclear why some patients experience beneficial effects of 
sham surgery. Some of the initial effects may be attributed to a placebo phenomenon. 
However, a plausible explanation may also be a long lasting anesthetic effect following the 
standard perioperative infiltration of the subfascial region and wound. Long-term pain 
reduction after local anesthetics in chronic abdominal pain syndromes is a commonly 
observed phenomenon. A lasting anesthetic effect far beyond the reported agent’s half-life 
may be due to a blockade of nerve transmission. Moreover, local anesthetics may also act 
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upon sodium-channel isomers found on the nerve axons involved in chronic pain.25 These 
findings support the necessary step of an injection scheme prior to embarking on more 
invasive treatment strategies for ACNES. 
Although the syndrome of ACNES has occasionally received attention in the literature on 
chronic abdominal pain (CAP), a prominent place on the list of possible etiological factors 
of CAP was never attained. ACNES still remains a frequently overlooked entity and 
patients are subjected to prolonged doctor’s delay.2,4,12,26,27 The majority of patients in the 
present trial was referred to our clinic and also demonstrated a substantial median 13 
months diagnostic delay (a few even as much as >120 months). It must be stressed that 
the diagnosis of ACNES is a typical old-fashioned ‘clinical diagnosis’. It may be confiden-
tially stated that patients harboring the triad of chronic abdominal pain, a circumscript 
pain point (in the presence of a positive Carnett’s test and/or local sensory disturbances) 
and absence of abnormalities in blood analysis or US/CT suffer from ACNES until proven 
otherwise. The diagnostic algorithm is simple and can be readily employed by an array of 
health providers treating CAP patients. The surgical procedure should be restricted to recal-
citrant patients but is safe with few complications and it can be executed in a day care 
setting. Such a simple diagnostic and therapeutic approach will indeed cut costs as the 
number of unnecessarily performed specialist consultations and visceral investigations 
will be reduced.12,28 It is hoped that this study will contribute to an accelerated therapeutic 
pathway in patients with suspected ACNES.
We conclude that a ventral neurectomy is effective in a substantial part of patients with 
suspected ACNES failing to respond to a conservative treatment.
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Abstract
baCkground 
Surgery is occasionally proposed in patients with chronic abdominal wall pain due to an 
anterior cutaneous nerve entrapment syndrome (ACNES) who are refractory to injection 
therapy. An anterior neurectomy may seem successful but follow-up is usually short and 
populations are small. Primary aim of this study was to determine the long-term results 
of surgery in a large ACNES population.
MeThods 
In this retrospective case series, ACNES patients ≥18 years who underwent a primary 
anterior neurectomy between January 2004 and February 2012 in one single center were 
studied. Pain scores were obtained before surgery, after surgery and at the moment of 
questioning using a pain intensity numeric rating scale (PI-NRS 0-10) and a 6-point verbal 
category rating scale (VRS). Success was defined as a ≥50% PI-NRS reduction or ≥2 point 
VRS reduction. 
resulTs 
Data of 181 neurectomies in 154 individuals were available for analysis (females, n=127, 
82.5%; age 47±17 years, range, 20-83). Pain prior to surgery was severe (mean PI-NRS 8.08, 
SD 1.43). Short-term (1-3 months postoperative) success was 70% (127/181 procedures). 
Three subjects showed spontaneous remission of complaints after >3 months. After a mean 
32 months (range 3-93) follow-up, a success rate of 61% (109/180) on the long-term was 
found. 
ConClusIon 
A 70% short-term success rate and a 61% long-term success rate following a primary 
anterior neurectomy in patients with chronic abdominal pain due to ACNES was attained. 
Surgery is the method of choice in ACNES patients refractory to a conservative regimen.
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InTroduCTIon
Knowledge on the anterior cutaneous nerve entrapment syndrome (ACNES) as a neglected 
cause of chronic abdominal pain is limited.1-13 ACNES patients experience severe neuro-
pathic pain in the abdominal area that is caused by entrapped end twigs of intercostal 
nerves at the level of the anterior rectus sheath. Although abdominal pain is reported, they 
in fact suffer from pain originating in the abdominal wall. Patients harboring a triad of 
chronic abdominal pain, a circumscript pain point within the lateral boundaries of the 
rectus abdominis muscle (in the presence of a positive Carnett’s test and/or local sensory 
disturbances), and the absence of abnormalities in blood analysis or ultrasonography/
computed tomography are likely to suffer from ACNES until proven otherwise.
Two recent trials have shed light on diagnostic and therapeutic specifics regarding this 
syndrome. Pain reduction following trigger point infiltration using an anesthetic agent in 
suspected ACNES patients was based on an anesthetic mechanism but not on a placebo, 
dry needling, or a mechanical (volume) effect.9 In a subsequent double blind randomized 
trial using a sham surgical arm, neurectomy of the intercostal nerve endings at the level 
of the anterior sheath of the abdominal rectus muscle (‘anterior neurectomy’) was effec-
tive for pain reduction in most patients failing to respond to a conservative regimen.10
Once recognized, ACNES patients with unacceptable pain levels are advised to undergo a 
treatment regimen starting with one (or more) local trigger point injections. This approach 
is long-term effective in one-thirds of the population. Surgery such as an anterior neurec-
tomy may be discussed with refractory patients. This step-by-step treatment protocol leads 
to total or substantial pain relief in eighty percent of the ACNES population.8 Surgical 
success rates were encouraging on the short and median term. For instance, a 73% 
success rate was demonstrated 6 weeks postoperatively in 22 patients in a randomized 
controlled trial.10 After 18 months of follow-up, a neurectomy was effective in 71% of 69 
other individuals.8 However, these populations were relatively small whereas the long-
term efficacy of an anterior neurectomy is still a matter of uncertainty.
Neuroma formation with consequent recurrence of symptoms is a feared long-term sequela 
of any surgical procedure entailing a planned or accidental neurectomy.14-17 The incidence 
of neuroma formation in neurectomized ACNES patients is unknown. Furthermore, a 
portion of initially ‘cured’ ACNES patients may experience recurrence of pain once the 
effects of the local anesthetic (that is administered as standard procedure following the 
neurectomy) wears off. Aim of the present study is to determine the long-term success 
rate of an anterior neurectomy in a large ACNES population. It is hypothesized that the 
majority of initially successfully neurectomized patients remain free of abdominal pain 
on the long term.
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MaTerIals and MeThods 
General information 
This retrospective case series was performed between January 2011 and January 2013, 
analyzing neurectomies performed between 2004 and 2012, in Máxima Medical Center 
(MMC), a 595-bed community hospital situated in the southern part of The Netherlands. 
A separate surgical outpatient department of MMC (‘SolviMáx’ Center of Excellence for 
Abdominal Wall and Groin Pain) has a keen interest in chronic abdominal wall pain and 
groin pain syndromes (such as inguinal neuralgias and Pfannenstiel nerve entrapments) 
ever since the beginning of the new millennium. An increasing number of patients are 
evaluated by a team of experts.4,8-13,18-23 In the year of 2012, some 250 ACNES patients were 
treated in SolviMáx.
daTa ColleCTIon
Electronically stored data of all abdominal wall pain and groin pain patients receiving a 
neurectomy in MMC over an 8 year time period between January 2004 and February 2012 
were retrospectively entered in a separate database. ACNES patients that were linked to 
registered operation codes were identified from this database. Only adult ACNES patients 
(≥18 year at time of treatment) registered as having undergone a primary anterior neurec-
tomy were eligible for study (figure 1). A primary anterior neurectomy was defined as the 
first attempt to remove portions of end twigs of one (or more) of the intercostal nerves 
surfacing at the level of the anterior rectus muscle sheath via an open surgical procedure.
Patients meeting inclusion criteria were studied using a standard approach. Individuals 
that were operated between 2004 and March 2011 were invited to respond to a question-
naire containing a set of questions that was sent by mail between March-May, 2011. Non-
responders and patients operated between March 2011 and February 2012 were additionally 
interviewed by phone by the first author using the same set of questions between July 
2012 and February 2013. 
surgICal speCIfICs of an anTerIor neureCToMy
Patients are operated in day care as previously reported.8,10 The ‘area of interest’ supposedly 
containing the nerves responsible for the pain is marked preoperatively on the basis of a 
combination of a successful response on previous trigger point infiltration, currently 
reported pain using palpation, Carnett’s test and altered skin sensibility.24-26 After induc-
tion of general anesthesia, the anterior sheath of the abdominal rectus muscle is exposed 
via a transverse 5-7 cm skin incision. The neurovascular bundle penetrating fascial foramina 
underneath the marked skin area is identified. The foramen is widened and the neuro-
vascular bundle is removed over a 1-3 cm length. The proximal portion of the bundle is 
allowed to retract deeply into the rectus muscle. Additional nerve branches penetrating 
the rectus sheath within a 5-cm radius are also removed. Accompanying small vessels are 
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ligated or coagulated. Widened fascial foramina are closed using a running absorbable 
suture followed by a standard closing technique of the remainder of the incision. The 
surgical area is infiltrated with 10 ml of 0.25% bupivacaine at the end of the procedure. 
A surgical procedure usually lasts between 30-60 minutes. Postoperative wound pain 
management included the continuation of paracetamol, non steroidal anti inflammatory 
drugs or opiate analgesic drugs as also administered in the preoperative phase, or if deemed 
necessary. Patients were checked at least twice during a 6 week postoperative time period, 
usually via a visit on the outpatient department and via a telephone consultation. Specifics 
and complications were recorded into the hospital’s electronic patient file.
shorT and long TerM follow-up 
All study patients were retrospectively asked to report pain in the scar area as experienced 
in the immediate preoperative phase, pain levels at the postoperative 1-3 months time point 
(short term follow-up), and pain at present or at the moment of recurrent abdominal pain 
>3 months postoperative (long term follow-up). Both a 0-10 pain intensity numeric rating 
scale (PI-NRS) and a 6-point verbal categorical rating scale (VRS) (Table 1) were used.27-30 
Short-term surgical success was defined as a ≥50% pain reduction using PI-NRS and/or 
a minimal 2-point reduction using VRS at the postoperative 1-3 months time point, as 
suggested in previous studies.8-10 All other scores were considered failures. For short-term 
failures who did not demonstrate pain reduction on the long-term, this time point was 
considered the endpoint of the study.
Long-term success was attained if present pain scores were ≤50% of preoperative pain 
levels using PI-NRS or if the present VRS was at least 2-point lower.8 Conversely, data of 
short-term successful patients with recurrent pain (scores >50% of preoperative PI-NRS 
and <2-point lower VRS) that developed in proximity to the surgical scar at any moment 
between the primary anterior neurectomy and the long-term follow-up evaluation were 
studied in detail by three authors separately (TvA, RR, MS). If disagreement was initially 
present between these three, the decision on cause for long-term pain was eventually 
based on consensus.
Four types of abdominal pain on the long-term after an initial pain free period were 
distinguished:
1.  ‘Recurrent symptoms’ was defined as the situation that an ACNES patient developed 
recurrent neuropathic pain in/underneath the scar area after a pain free period of ≥3 
months following the primary anterior neurectomy. The surgical result was interpreted 
as long-term failure.
2.  ‘Residual symptoms’ was defined as recurrence of (for the patient recognizable) neuro-
pathic pain <3 months after the primary anterior neurectomy. The initial postoperative 
pain reduction was considered due the effect of the local anesthetic being a standard 
element of the surgical procedure. These cases were interpreted as short-term surgical 
failures.
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3.  ‘De novo ACNES’: symptoms and signs of ACNES in an area at least 5 cm distant to the 
neurectomy scar, suggesting entrapment of a neighboring intercostal nerve or a new 
ACNES on the contralateral side. However, pain was not experienced in the area of the 
primary anterior neurectomy. Therefore, the surgical result was interpreted as long-
term successful.
4.  ‘Abdominal pain other than ACNES’. Although subjects experience pain, this pain was 
not related to ACNES. The surgical result was interpreted as long-term successful.
5.  Calculation of short and long-term success rates was made after patients with pain on 
the long-term after an initial pain free period were categorized.
Recall bias
As a form of recall bias was feared in this retrospective study design, pre and postoperative 
values as recorded in the electronic patient files (if available) were compared with recalled 
values as reported in the questionnaire. As pain scores were not standardly registered in 
all electronic patient files, prospectively registered pain scores were exclusively used to 
investigate the presence of recall bias. Conversely, only retrospectively obtained pain scores 
were used for the analysis of treatment success.
Data analysis
Data analysis was performed using SPSS 20.0 for Mac OS X. Changes in PI-NRS and VRS 
over time were compared individually to determine the operative success. Descriptive 
PI-NRS and VRS measures were presented as percentages, mean values (± SD) or median 
values (range) as appropriate. Differences in PI-NRS and VRS on various moments were 
calculated using a paired sample T-test (normal distribution) or Wilcoxon signed rank test 
(skewed distribution). A p-value <0.05 was considered statistically significant. Pearson 
correlation coefficients were calculated to determine the strength of linear dependence 
between the two variables.
resulTs 
Study population
Between January 2004 and February 2012, 626 subjects with abdominal wall or groin 
pain underwent 806 neurectomies (Figure 1). Of these, a total of 214 primary anterior 
neurectomies were performed in 186 subjects with ACNES. As patients <18 year (n=16) 
were excluded and 3 patients had deceased, 195 procedures in 167 subjects were eligible 
for analysis. Questionnaire data from 93% procedures in 154 subjects were analyzed 
(181/195, non-responding n=7, no contact address n=7).
The majority was female (n=127, 82.5%). Median age was 47±17 years (range, 20-83). 
Some 23 patients were operated twice for ACNES that was present in two different 
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abdominal areas, whereas two subjects received surgery three times for ACNES originating 
in three different abdominal areas. Fifteen patients reported minor complications after 
the procedure (8%). A hematoma was conservatively managed in 10. One hematoma, one 
seroma and three wound abscesses needed surgical drainage in the remaining five 
patients. 
Figure 1: Study flowchart. Short and long term success following an anterior neurectomy for 
ACNES. Numbers between parentheses represent procedures.
Assessed for eligibility:
806 procedures; 626 subject
Primary anterior neurectomies (n=214)
Eligible for study (n = 195)
Analysed
neuectomies  
(n = 181)
Short term  
Succes 70%  
(n=127)
Lomg term  
Succes 61%  
(n=109)
Recurrence
(n=20)
Spontaneous remission >3 months (n=3)
Loss to follow up (n=1)
Excluded (n=592):
(Pfannenstiel, inguinal, other 
neurectomy)
No participation (n=4):
- incorrect tel. number (n=7)
- not responding (n=7)
Not eligible (n=19):
- deseased (n=3)
- <18 year (n=16)
Short term  
Failure 30%  
(n=54)
Long term  
Failure 30%  
(n=71)
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Short-term and long term results
At the 1-3 months postoperative evaluation, some 132 procedures were by definition success-
ful. Interestingly, 3 initially unsuccessful subjects became pain free in the >3 months 
postoperative period. After a mean 32 months follow-up (range, 3-93; loss to follow-up, 
n=1), success was attained in 101 procedures, indicating (some degree of) pain had recurred 
after an initial pain free period in 33 primary anterior neurectomies. These 33 primary 
anterior neurectomies were performed in 33 individuals.
Fate of patients (n=33) with long-term pain after an initial pain free period
Recurrent disease was diagnosed in 20 of these 33 patients following a mean 10-month 
period of success (range 3-48). A re-exploration in 15 of these 20 patients revealed a (his-
tologically proven) traumatic neuroma in three. A wait and see policy was followed in the 
remaining 5 subjects. 
‘Residual disease’ was diagnosed in 5 patients, whereas ‘de novo ACNES’ was diagnosed 
in 6 additional patients (3 lower level, 1 higher level, 2 contralateral). Abdominal pain other 
than ACNES was diagnosed in two remaining patients.
Figure 2: Pain reduction in 3 ACNES populations. In the short-term failure group, the short-term 
postoperative measurement was the end-point of the study. (*statistically significant; ns not 
significant, compared to preoperative).
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Calculation of short-term and long-term success 
Short-term success of the primary anterior neurectomy was 70% (n=127/181). The long-
term success of the operation was 61% (n=109/181). Long-term failures (n=71) included 
51 short-term failures and 20 recurrences. A 16% (n=20/127, figure 1) recurrence rate was 
thus calculated.
Levels of pain are depicted in figure 2. Interestingly, the short-term failure group (n=51) 
demonstrated postoperative scores that were significantly lower compared to preoperative 
level (postoperative 6.55 SD 2.10 vs. preoperative 7.67, SD 1.41; p=0.001). In the subgroup 
with recurrent disease (n=20), long-term pain levels were not different compared to pre-
operative levels (postoperative 8.15, SD 1.56 vs. preoperative 8.60, SD 1.35; p=0.10).
Recall bias
Pain scores (PI-NRS) that were prospectively obtained in the preoperative situation were 
obtained in half of the procedures (49%, 88/181). These values were consistently lower 
compared to retrospectively obtained values (prospective: mean 7.69, SD 1.22, range 5-10 
vs. retrospective: 8.28 SD 1.34, range 2-10; p<0.001). In addition, prospectively obtained 
postoperative values (43%, 77/181) were also lower compared to retrospectively obtained 
pain (prospective: mean 2.45, SD 2.97, range 0-10 vs. retrospective: 3.26, SD 3.00 range 
0-9; p<0.001). These results indicate the presence of a structural but relative discrete recall 
bias effect, although it is appreciated that data were available in just half of the population. 
A high Pearson correlation coefficient was found between the two variables (ρ=0.91). No 
difference was found regarding this effect when subgroup analysis was performed on either 
the successful or the failure group (data not shown). 
dIsCussIon 
The present study in a large group of ACNES patients confirms a 70% short-term surgical 
success rate of a primary anterior neurectomy as also found in smaller populations.8,10 
The 61% long-term success rate with a mean 32 months follow-up period is acceptable. 
The 16% recurrence rate is a more reliable estimation compared to a 4% rate as reported 
previously in a smaller group with a shorter follow-up.8 Patients should both be counseled 
on the 70% success rate on the short-term as on the substantial recurrence rate associated 
with the primary anterior neurectomy procedure on the long-term.
One study recently proposed a standard step-by-step treatment strategy for ACNES.8 An 
anterior neurectomy is the alternative invasive option once injection therapy fails to confer 
success. This situation is real in 2 of 3 ACNES patients as approximately 30% remains 
permanently pain free after injection therapy only.8 How should a 61% long-term success 
rate of a primary anterior neurectomy be judged? Such data should be viewed in the light 
of published 30-40% short-term success rates of pharmacological treatment strategies for 
chronic peripheral neuropathic pain.31,32 Unfortunately, most pharmacological treatments 
harbor unfavorable side effects whereas long-term efficacy is frequently not reported in 
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these studies but is likely lower.31-33 Evidence regarding alternative treatment options such 
as peripheral stimulation or deep brain stimulation for these pain syndromes is scarce.34 
On the contrary, an anterior neurectomy is a simple procedure with few minor complica-
tions (table 2). Confirming the conclusion of two relative small other reports, data of the 
here presented largest study to date (n=181) strongly supports the contention that a primary 
anterior neurectomy currently is the treatment of choice in ACNES patients that are 
refractory to the first step injection regimen.8,10 
Sole aim of the present investigation was to study the outcome of the primary anterior 
neurectomy. In our SolviMáx Center of Excellence, knowledge on alternative treatment 
options after recurrent or residual pain following an anterior neurectomy is building. 
Although high-level evidence is currently lacking, some of our patients benefitted from 
additional surgical explorations. Fifteen of the 20 recurrent pain patients underwent a 
second operation. In 3 of these, a histologically proven neuroma was found. Other patients 
with persistent pain were referred to alternative pain specialists. We are currently involved 
in studying the fate of these patients. However, it is essential that a number of recalcitrant 
patients require a multidisciplinary specialist team capable of offering multimodal treat-
ment options.
An interesting observation is a significantly lower postoperative pain score in the ‘failure 
group’. Although the neurectomy was a failure according to our strict definition (failure: 
current pain scores >50% by PI-NRS or <2-points attenuation by VRS compared to pre-
operatively), these patients experienced an attenuated pain level after the operation. This 
phenomenon may be related to mechanisms of recognition and confirmation. Merited 
attention for their problem may contribute to coping leading to acceptance and subse-
quently a lower pain perception. 
This study potentially harbors flaws associated with its retrospective character. Due to 
recall bias, pain perception may change over time. As a result, retrospectively obtained 
PI-NRS and VRS scores possibly do not correctly reflect pain levels as experienced in the 
past. However, our results comparing retrospectively and prospectively collected data 
demonstrated a minimal difference in pain intensity over time (preoperative difference 
0.59 on a 0-10 point scale, postoperative 0.81). For the purpose of this study, the influence 
of recall bias was therefore neglected since just considerable pain reduction (≥50% 
PI-NRS reduction and/or ≥ 2 point reduction on VRS) was relevant for the primary study 
aim. It was initially thought that, depending on the treatment result (success or failure), 
perception of pain would differ over time. However, results of the present study do not 
support this contention. 
We strongly feel that ACNES is still an overlooked entity although its existence is nowadays 
undisputed.8-10,12 In current practice with nearly unlimited diagnostic options, the need for 
proper physical examination in chronic pain patients may seem of minor importance. 
However, abdominal wall pain syndromes including ACNES are typical clinical entities 
that are diagnosed with the doctor’s ears and fingers. Patients reporting chronic abdominal 
85lonGterm results followinG an anterior neurectomy
pain with a circumscript pain point (trigger point) within the lateral boundaries of the rectus 
abdominis muscle (in the presence of a positive Carnett’s test and/or local somatosensory 
disturbances surrounding the pain point) having normal blood results and no imaging 
abnormalities likely suffer from an abdominal wall syndrome such as ACNES. With 
Carnett’s test, the trigger point is localized and palpated using a finger. While the finger 
remains positioned onto the painful spot, tenderness increases when abdominal muscles 
are tensed as the patient lifts his/her head. Skin sensibility is tested by the use of a simple 
swab. Either normal skin, hypoesthesia, hyperesthesia and sometimes even allodynia may 
be diagnosed. A cold alcohol gauze can also be used to test the vital sensibility. These simple 
tests greatly aid in arriving at a proper diagnosis of a neuropathic pain syndrome such as 
ACNES. 
Pain specialists have long thought that ‘cutting nerves is just not done’. It is said that this 
type of surgery invariably leads to post-dissection pain, de-afferentation pain or phantom 
pain. These pain syndromes are only amenable to medication with centrally working 
mechanisms. However, these concepts are challenged.35 Also neuroma formation with 
consequent pain recurrence (occasionally more severe than ever) is a feared long-term 
result of any surgical procedure entailing a neurectomy.14-17 The present analysis shows 
that these fears may not be true as levels of pain in these recurrences were comparable 
(and not worse) to preoperative values. On the other hand, short and long-term pain relief 
after a primary anterior neurectomy is far superior compared to any other treatment strategy 
for this type of severe neuropathic pain. Therefore, we propose to adhere to the current 
step-by-step treatment protocol (injections followed by surgery in non-responding patients) 
in future ACNES patients. This complete regimen of consecutive local trigger point injec-
tions followed by a primary anterior neurectomy in recalcitrant ACNES patients is long-
term effective in about three-quarters of the cases. However, some patients stand a small 
chance of developing a new ACNES pain syndrome in another abdominal area as was 
demonstrated in this study.
ConClusIon 
A 70% short-term success rate and a 61% long-term success rate following a primary 
anterior neurectomy is reported in a large population of patients with anterior cutaneous 
nerve entrapment syndrome. Surgery is the method of choice in ACNES patients who are 
refractory to conservative pain treatment strategies.
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Abstract
baCkground 
Chronic abdominal pain (CAP) in children may be due to entrapment of cutaneous 
branches of intercostal nerves (ACNES, anterior cutaneous nerve entrapment syndrome). 
Local injection of anesthetics may offer relief but pain is persistent in some children. 
We describe the results of a ‘cutaneous neurectomy’ in children with refractory ACNES. 
MeThods 
CAP in children with suspected ACNES refractory to conservative treatment received a cuta-
neous neurectomy in a day care setting. They were interviewed postoperatively using an 
adapted quality of life questionnaire (TACQOL). 
resulTs 
All subjects (n=6, median age 15 y, range 9-16) were previously healthy schoolgoing children 
without prior illness or earlier surgery. They presented with an intense abdominal pain, and 
a positive Carnett sign was observed in all. Blood, urine tests and abdominal ultrasound 
investigations were normal. Doctor’s delay was 16 weeks, and school absence was 25 days. 
Prior to surgery, quality of life (pain, daily activities and sports) was greatly diminished. 
After the neurectomy, all children were free of pain and had resumed their normal daily 
routine (follow up 6 months). 
ConClusIons 
The role of the abdominal wall as the source of chronic childhood abdominal pain (CAP) is 
underestimated. Some children with CAP suffer from anterior cutaneous nerve entrapment 
syndrome (ACNES). Children with refractory ACNES should be offered a cutaneous neurec-
tomy as this simple technique is effective on the short and long term. 
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InTroduCTIon
Abdominal pain in children is termed chronic (CAP, chronic abdominal pain) when it 
exceeds 2 months in duration. Management of childhood CAP may pose a considerable 
challenge to parents and care providers.1 The majority of these children is thought to suffer 
from pain associated with a dysfunctioning enteric nervous system although organic causes 
are incidentally identified.2 
If pain is deemed organic, one may classify its origin as visceral or parietal. Visceral pain in 
childhood may be caused by diseased solid or hollow organs, whereas parietal pain usually 
originates from the abdominal wall. However, recent reviews on CAP indicate that pediatri-
cians are not triggered to make a distinction between visceral and parietal pain1-6 although 
simple testing according to Carnett, as in adults, may allow for this anatomical discrimina-
tion.7,8 
The differential diagnosis of abdominal wall pain in childhood is limited and includes her-
nias or myofacial disruptions. ACNES (‘anterior cutaneous nerve entrapment syndrome’) 
was recently identified as an additional source of CAP in children.9,10 In ACNES, super-
ficial branches of intercostal thoracic nerves are somehow trapped between abdominal 
muscles and may lead to pain and occasional vomiting. The diagnosis is suspected by a 
constant localized abdominal pain in the presence of a positive Carnett sign. This test is 
performed as follows. The investigator localizes the point of maximal pain with his index 
finger. The child is then asked to lift the head or upper torso or the legs while the palpating 
index finger remains on the painful spot. If this lifting aggravates the pain, its origin is 
probably located in the abdominal wall. In contrast, pain of visceral origin is attenuated 
during this test.7 An almost immediate response to a locally administered dose of lidocaine 
supports the diagnosis ACNES.9,10 Conservative treatment including a rectus sheath block 
was recently reported in a small group of children with suspected ACNES. Although local 
injection of an anesthetic agent combined with steroids may offer prolonged relief, some 
children may experience recurrent pain after such a regimen.10 
Aim of the present study was to describe the results of a surgical technique termed ‘anterior 
cutaneous neurectomy’ in children with refractory ACNES. 
MeThods
Patients
This retrospective case series was performed between January 2007 and August 2009 in 
the Máxima Medical Center (MMC), Veldhoven, The Netherlands. The MMC is a 865-bed 
community hospital serving a population of approximately 350.000 inhabitants. Over the last 
decade, the two senior surgical authors have developed an interest in the treatment of adult 
patients with chronic abdominal and groin pain syndromes including nerve entrapments 
such as ACNES.11 Since our occupation with ACNES was communicated to various depart-
92 surGery for refractory acnes in children
ments of our and other neighbouring hospitals, the majority of the present study patients was 
referred by pediatricians or fellow surgeons. Interestingly, one 9-year old boy was presented 
by his mother who had undergone a successful neurectomy for ACNES herself. 
All children 16 years or younger with suspected ACNES were evaluated in the outpatient 
surgical department using a standard history and physical examination. Based on the 
presence of localized pain in the abdominal area and a positive test of Carnett, the absence 
of abnormal blood and urine tests, and normal abdominal ultrasounds (US) or CT-scan, 
the diagnosis ACNES was thought highly probable. Subsequently, the possibility of this 
diagnosis was discussed with the parents. Consequently, verbal consent was obtained for 
the local administration of a diagnostic injection of an anesthetic agent. 
After explaining the specifics of the injection procedure, the child was positioned supine 
on a stretcher. The point of maximal pain was marked with a pencil followed by a subfacial 
injection of 5 ml 1% lidocaine. If levels of pain after a 10 minute observation period were 
considerably lower or absent, characteristics of the diagnosis ACNES were communicated, 
and the patient received a control appointment after two weeks. If the pain had returned 
by then, a combination of 4 ml 1% lidocaine and 1 ml methylprednisolone was injected 
into the same area. Children qualified for surgery if levels of pain after two temporarily 
successful injections were unacceptable or grossly interfered with daily school or sports 
activities. They were informed on alternative treatments (oral pain medication, TENS) as 
well as the nature of the surgical procedure and its specifics. They all consented verbally 
and in writing to the operative procedure. 
Surgical procedure
The children were operated in a day care setting. Prior to surgery, the area of maximal pain 
was again identified using the Carnett test and marked with a pencil. Once general anes-
thesia was administered, the anterior sheath of the abdominal rectus muscle was exposed 
via a transverse 3-5 cm skin incision. Branches penetrating into the subcutaneous fat through 
pre-existent fascial holes were considered to contain nervous structures and were removed 
(Figure 1). Accompanying vascular structures were ligated or coagulated. If additional intra-
muscular nerve sidebranches were suspected, the anterior sheath of the rectus muscle 
was opened via lateral extension of these pre-existent holes, and these sidebranches were 
removed. The sheath as well as the remainder of the wound were closed in layers using 
absorbable suturing material. The children received a control visit at the outpatient depart-
ment 2 weeks postoperatively. 
Data accrual and analysis
Relevant data of surgical charts of all children who were evaluated for ACNES were entered 
prospectively in a database. Additional data obtained from pediatric charts or from general 
practitioners including lab testing and abdominal US were also tabulated. All children and/ 
or their parents were interviewed via the telephone in September 2009 using a truncated 
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and adapted version of a questionnaire testing quality of life in children (TACQOL, see 
Appendix).12 Answers to questions investigating frequency of symptoms and impaired 
daily activities before and after the surgical procedure were scored according to a 5 grade 
scale (never=0 points, sometimes=1, regularly=2, often=3, always=4). High scores (3 or 4 
points) signified that ACNES had a severe impact on health status and daily performance. 
Significance of differences before and after surgery were analysed using one-sided T-testing. 
Data are expressed as median (range).   
resulTs
Patients
A total of 8 children with suspected ACNES was treated with at least 2 injections with lido-
caine and/or methylprednisolone during the 2.5 year study period. Pain levels became 
acceptable in two following this regimen but recurred in six. Patient demographics of 
these 6 children are listed in Table 1. They all experienced severe pain in proximity to the 
umbilicus, and half of them occasionally felt nauseous and vomited. Prior to the onset of these 
symptoms, they were healthy school going children without earlier illness or operations. 
  
  Demographics and patient history (n=6)
Male/female (n) 2/4  
Age (range) 15 (9-16)
Spontaneous/blunt trauma 4/2 
Pain 6
Nausea/vomiting 3
Duration (wks, range) 16 (1-39)
Table 1: Characteristics of children undergoing anterior cutaneous neurectomy for refractory 
ACNES (anterior cutaneous nerve entrapment syndrome)
Figure 1: Surgical exposure of neurovas-
cular bundle penetrating anterior sheath 
of abdominal rectus muscle in 15-year 
old girl with right lower abdomen ACNES 
mimicking appendicitis.
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Physical examination
Results of physical examination in these study children are depicted in Table 2. They all 
exhibited a positive Carnett test. One child experienced pain above the level of the umbilicus 
(corresponding to thoracic intercostal nerve (th.) IX), one at umbilical level (th. X), and 4 
below the umbilicus (th. XI). Surprisingly, a small 3x3 cm area of hypoesthesia close to the 
painful area was observed in 3 children. It lasted about 16 weeks before the diagnosis 
ACNES was considered. During this time period, number of days of school absence was 
25 (range 10-31). 
Figure 2: Domains before and after a surgical neurectomy in children with ACNES. Evaluations 
were performed using an adapted quality of life questionnaire (see appendix). Values ranged from 
0 (absence of symptoms, no impairment) to 4 (symptoms abundantly present, severe impair-
ment). Quality of life was normalized (p<0.05) following surgery in all children. 
  Signs in children with ACNES (n=6)
Left/right abdomen 3/3 
Level (9/10/11 thoracic intercostal nerve) 1/1/4
Localized tenderness 6  
Area of hypesthesia 3
Carnett sign positive 6
Table 2: Physical examination in children undergoing anterior cutaneous neurectomy for refractory 
ACNES (anterior cutaneous nerve entrapment syndrome)
After surgery
Before surgery
pain
Q
O
L
nausea vomiting daily 
activities
sports hobbies
0
0 0 0 0 0 0
1
2
3
4
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Surgical outcome
All children underwent an anterior neurectomy as proposed. Operation time was approx-
imately 20 minutes. All children were discharged the day of operation as scheduled. 
Morbidity or complications after surgery were absent. They were free of pain at the first 
two-week postperative outpatient control. They all had resumed their normal daily activities 
including school and sports activities and were still free of pain after a median follow up of 
6 months (figure 2). 
dIsCussIon
Outcome
In adults with chronic abdominal pain (CAP), the abdominal wall has been implicated as 
the painful source in up to 30% of all cases.13 However, figures in children are lacking. 
Several reviews on CAP in children just fail to mention their findings during physical 
examination. If signs are reported, a distinction between pain due to abdominal contents 
or to its wall is not made.1-6 
The incidence of ACNES in children is largely unknown. A survey using standard searching 
techniques (Google, Pubmed) identified three articles on ACNES in relation to children 
(n=6), all reporting on results of a conservative treatment regimen.9,10,15 Reports on 
surgery for children with ACNES were not identified. The diagnosis childhood ACNES 
apparently has not attained a prominent place in the differential diagnosis of CAP. However, 
it is thought that its incidence is substantial as 8 children were diagnosed with this syndrome 
in our hospital during a 2.5 year time period. Two of them responded well to repeated 
injections of a short acting local anesthetic agent combined with steroids. As the pain 
syndrome appeared refractory in the remaining six children, they were offered surgery 
using a previously published technique of anterior cutaneous neurectomy that is routinely 
used in adults.11 The results of the present study indicate that this type of surgery is also 
highly successful in children.
Etiology
The exact pathophysiology of adult ACNES is unknown but is likely related to traction or 
compression of anterior (and possibly lateral or posterior, figure 4) portions of intercostal 
thoracic nerves (th 8-12).14 Pregnancy,16 abdominal trauma11 or chronic nerve root compres-
sion due to thoracolumbar or orthopedic discongruencies are occasionally identified as 
predisposing factors in adults, but in most cases the causal factor remains unknown. An 
uncertain etiology holds even more so in these children although one 11-year old girl con-
vincingly indicated that she had developed ACNES following a blunt trauma due to a fall from 
a horse. A second girl thought that she had contracted the CAP following a period of vomiting 
during influenza. The four others were just normal healthy school going children without 
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ARM, abdominal rectus muscle
ACB, anterior cutaneous branch
AS, anterior sheath
S, subcutaneous tissue
TAM, transverse abdominal muscle
IOAM, internal oblique abdominal muscle
EOAM, external oblique abdominal muscle
LCB, lateral cutaneous branch
AT, anterior trunk
PT, posterior trunk
VB, vertebral body
BM, back muscles
PCB, posterior cutaneous branches
Figure 4: Anatomy of the intercostal nerve in relation to the abdominal muscles. During surgery, 
all anterior cutaneous branches are removed at the level of the anterior sheath of the abdominal 
rectus muscle. With permission.11
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medical or surgical history who denied any recent illness or trauma. The fact that resection 
of anterior branches of the intercostal nerve was therapeutic may indicate that the point of 
entrapment in children is exclusively situated at the level of the anterior sheath of the 
abdominal rectus muscle and not at more proximal portions of the nerve (figure 4). 
Symptoms
All children presented with a constant nagging abdominal pain that increased during 
playing or sports. Three of our children also experienced nausea and occasionally vomited 
although quality and frequency of defecation (results not shown in figure 3) were normal in 
all subjects. Vital signs including body temperature were documented on several occasions 
and were always without abnormalities. Physical examination of the abdomen consistently 
demonstrated an extremely painful 2x2 cm area, either 3-4 cm on the left or the right side 
of the umbilicus (level of thoracic intercostal nerve X) or somewhat higher (IX) or lower 
(XI). Interestingly, a small area of hypoesthesia suggesting sensory nerve involvement 
overlying the painful area was observed in 3 children. Testing as suggested by Carnett 
(‘increased pain following active contraction of the abdominal wall’) was positive in all. 
This sensitive test allows for a simple discrimination between pain of visceral or parietal 
origin and is also easily executed in children. A positive Carnett’s sign may be considered 
highly suspective of childhood abdominal wall pain including ACNES. 
Diagnosis
Various investigations including multiple blood en urine tests, US, CT-scans and colonos-
copies are repeatedly performed in children with CAP. Prior to arriving at the diagnosis 
ACNES, a similar phenomenon was also observed in our children. A total of 15 blood tests 
were carried out in this small population, all entirely normal. One child had undergone 6 
blood tests, two abdominal US, one CT-scan, one colonoscopy, and had received multiple 
investigations by a gynaecologist and a urologist before the diagnosis was considered. 
Median doctor’s delay in our group of children was 16 weeks (range 1-39). As in adult 
ACNES, a prolonged doctor’s delay is also characteristic of childhood ACNES. 
ConClusIons
Pediatricians should appreciate the role of the abdominal wall as the source of chronic 
abdominal pain (CAP). A positive Carnett test in children with CAP in the absence of 
abnormal blood tests or US may be associated with entrapment of anterior branches of 
the intercostal nerve. A test injection of a short acting anesthetic agent is diagnostic and 
occasionally therapeutic. An anterior cutaneous neurectomy in children with refractory 
ACNES is a successful surgical procedure. 
lIMITaTIons
This study may be limited due to its small size and nonrandomized design. 
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appendIx
Questions that investigated the impact of ACNES on quality of life in children before and 
after surgery*
1a.  Did you have abdominal pain in the weeks before surgery? (never, sometimes, regularly, 
often, always)
1b.  Do you still have abdominal pain? (never, sometimes, regularly, often, always)
2a.  Did you feel nauseous in the weeks before surgery? (never, sometimes, regularly, often, 
always)
2b. Do you still experience nausea? (never, sometimes, regularly, often, always)
3a.  Did you vomit in the weeks before surgery? (never, sometimes, regularly, often, always)
3b.  Do you still vomit? (never, sometimes, regularly, often, always)
4a. Did you have trouble doing your daily activities in the weeks before surgery (byclicling, 
walking, playing) ? (never, sometimes, regularly, often, always)
4b. Do you still have trouble with daily activities (bicycling, walking, playing)? (never, 
sometimes, regularly, often, always)
5a.  Did you have pain during sports activities in the weeks before surgery? (never, some-
times, regularly, often, always)
5b.  Do you still have trouble with sports activities? (never, sometimes, regularly, often, always)
6a. Did you have trouble doing your hobbies in the weeks before surgery? (never, some-
times, regularly, often, always)
6b. Do you still have trouble with hobbies? (never, sometimes, regularly, often, always)
*Truncated version of a questionnaire testing health related quality of life in children 
(TACQOL).12 
Never=0 points, sometimes=1, regularly=2, often=3, always=4
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InTroduCTIon
Most patients with chronic back pain suffer from degenerative thoracolumbovertebral 
disease. However, the following case illustrates that a localized peripheral nerve entrapment 
must be considered in the differential diagnosis of chronic back pain. 
Case
A 26-year-old woman presented with a continuous excruciating right sided back pain. She 
was not able to stand for even a short period of time and was heavily impaired in her work 
as a hairdresser. Lying down attenuated the symptoms. Her medical history revealed a right 
sided nephroptosis for flank pain that was treated twice by a laparoscopic nephropexia but 
to no avail. She was referred to our clinic as a non-urological, neuropathic origin of the pain 
was suspected. 
On physical examination, the pain was present in a 2x2 cm area overlying the 12th rib some 
4 cm lateral to the spinal process of the 12th thoracic vertebral body (Figure 1). 
This area was not related to the previous laparoscopy trocar sites. Somatosensory testing 
using a swab and alcohol gauze demonstrated the presence of overlying skin hypo- and 
dysesthesia. Digital pressure on this 2x2 cm area elicited an extreme pain response that did 
not irradiate to other areas. As signs and symptoms strongly suggested a cutaneous nerve 
entrapment syndrome as in ACNES (Anterior Cutaneous Nerve Entrapment Syndrome), 
the trigger point was infiltrated using 2 ml of 1% lidocaine with an immediate albeit 
temporary relief. As two additional infiltrations using a mix of lidocaine and methyl-
Figure 1: Back of the patient 6 months 
after surgery clearly showing the scar 
over the previous triggerpoint. 
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prednisolone were not successful at the long term, specifics of a surgical exploration were 
discussed. Following written consent, the trigger point was surgically explored via a small 
transverse incision. The posterior end branch of the 12th intercostal nerve penetrating the 
fascia of paravertebral muscles was identified followed by resection (figure 2). At the 6 
weeks follow up she was pain free. At six months, only minimal discomfort was reported 
without interference of daily activities.
dIsCussIon
This case report is the first in literature to identify a patient with an – to this date unknown – 
diagnosis of posterior cutaneous nerve entrapment syndrome (POCNES). The syndrome 
is well explained, its anatomical features and its diagnostic tests are straightforward. 
Treatment modalities in the related diagnosis ACNES (injections and surgical) confirm 
diagnosis and show short term and respectively long term positive results. 
In a systematic literature search, no case reports or series with posterior cutaneous nerve 
entrapment syndrome were found, nor was a theoretical-anatomical description found of 
this phenomenon. In comparison, for the anterior cutaneous nerve entrapment syndrome, 
high level evidence literature is sparse.1,2 Anterior branches of an intercostal nerve are 
somehow trapped in abdominal muscles causing severe pain. A recent randomized trial 
including a sham operation unambiguously confirmed the theoretical-anatomical model 
of pain causing entrapment of nerves.3 Once ACNES is properly diagnosed, treatment is 
simple and successful.4 Over 80% of patients experience immediate and short term pain 
relief following trigger point injections using a local anesthetic agent (with or without 
corticosteroids), whereas 32% of them also experience long term pain relief. Subsequent 
surgical treatment renders a long term positive result in 70% of patients.4
With this literature in mind and reflecting on anatomy we know that an intercostal nerve 
is known to have anterior, lateral and posterior branches. In literature merely one case report 
on a neurectomy of lateral branches in patients with chronic flank pain was identified.5 
Figure 2: Perioperative view of the per-
forating posterior cutaneous branch of 
intercostal nerve (looped by ligature).
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However, reports on symptomatic entrapped posterior branches of the intercostal nerves 
were not found. Considering the sparse literature on ACNES, and the long diagnostic paths 
patients have to go through before they are considered to have ACNES, leave us to conclude 
that also POCNES is likely to be overlooked as well. Therefore, no estimate of the true 
incidence of this diagnosis is available.
In conclusion, the term posterior cutaneous nerve entrapment syndrome (POCNES) is 
proposed for this novel syndrome. Although incidence is unclear, general practitioners and 
neurologists and (orthopaedic) surgeons should incorporate POCNES in the differential 
diagnosis of low back pain. Each patient with chronic localized back pain should undergo 
simple somatosensory testing (using a swab and an alcohol gauze) to detect the presence 
of overlying skin hypo- and dysesthesia.
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general suMMary
Identifying the cause of chronic abdominal pain (CAP) often leads to a number of investiga-
tions including ultrasound or CT-scans in the search for diseased organs. Overlooking the 
abdominal wall as the source of pain may result in a progressively frustrating and dangerous 
diagnostic odyssey whereas not infrequently explorative surgery is performed.1 Apart from 
a protracted doctor’s delay, such futile diagnostic efforts result in substantial loss of funds 
and manpower. 
Although the first reports on chronic abdominal wall pain (CAWP) syndromes were pub-
lished more than two centuries ago, such syndromes never received the attention that was 
deserved. Moreover, these syndromes are seldom appreciated in the differential diagnosis 
of CAP. As we speak, many CAWP patients are travelling back and forth from general 
practitioner to many different specialists. 
Intercostal nerve entrapment at the lateral border of the rectus muscle is considered a 
most typical example of such a CAWP syndrome.2 The combined effect of abdominal wall 
stretching and an unfortunate anatomy may cause ischemia of endings of these nerves 
leading to a vicious circle of swelling-pain-muscle spasm-ischemia-swelling. This chain of 
events may even intensify due to herniation of fatty tissue surrounding the neurovascular 
bundle.2 The syndrome that is associated with these phenomena is the ‘anterior cutaneous 
nerve entrapment syndrome’ (ACNES).
ACNES patients report a local pain that worsens due to body activity or posture. The pain 
may often be localized ‘with the tip of a finger’. A positive Carnett’s test combined with the 
presence of sensory disturbances overlying the painful spot contribute to the diagnosis. 
Additional pinching of the covering skin using thumb and index finger or lifting the skin 
is nearly always painful (‘pinch test’). Gastro-intestinal symptoms mimicking organ dys-
functioning can also be experienced. It is easily appreciated that such observations confuse 
patients as well as their doctors. A more detailed description of history and physical 
examination in ACNES is provided in chapter 1.
The diagnosis ACNES is not difficult once findings of history and physical examination are 
recognized and correctly interpreted. This is certainly true if pain is not progressive and if 
no evidence of visceral disease is present following standard blood testing and additional 
imaging techniques. Treatment of chronic pain due to other conditions is often very 
demanding, but management of CAWP due to ACNES is straightforward in the majority 
of patients if certain principles are followed. 
Chapter 2 describes a retrospective study that was performed for the evaluation of the 
efficacy of a diagnostic work up protocol and treatment regimen in patients suspected of 
having ACNES. Development of the protocol was possible as progressively more CAWP 
patients visited the outpatient clinic once our interest was communicated via a Dutch 
publication and presentations on several national podia. 
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A cohort of 139 consecutive patients presenting between 2003 and 2008 with CAP sug-
gestive of ACNES was retrospectively evaluated. The diagnosis was confirmed by pain relief 
after a single diagnostic 1% lidocaine trigger point injection. Some additionally received a 
number of extra therapeutic injections including corticosteroids. If pain was still unac-
ceptable, an anterior neurectomy was performed. Eighty-one percent (n=94) demonstrated 
a >50% VAS reduction after one injection whereas 33% (n=44) remained permanently 
pain free after injection therapy only. Sixty-nine patients underwent a neurectomy that 
was successful in 49 (71%). Long-term pain relief was (very) satisfying (VRS 1-2) in 71% of 
the patients whereas an additional 9% reported attenuated pain levels (VRS 3). 
Some doubted whether ACNES existed at all. These nonbelievers attributed successful 
treatment results to a placebo effect. In order to clarify the role of local anesthetics in diag-
nosing ACNES, a double-blinded randomized trial was conducted that is described in 
chapter 3. It was hypothesized that pain attenuation following lidocaine injection in patients 
with ACNES was more prominent than after saline injection. Between August 2008 and 
December 2010, 48 ACNES patients were randomized to receive an injection of 10 cc of 1% 
lidocaine or saline into the point of maximal abdominal wall pain just underneath the ante-
rior fascia of the rectus abdominis muscle. A pain reduction > 50% on VAS and/or 2 points 
on VRS was considered a ‘successful response’. In the saline group, 4 patients reported a 
successful response following injection compared to 13 in the lidocaine group (p=0.007).
ACNES pain is caused by entrapped end twigs of intercostal nerves at the level of the rectus 
abdominis fascia as was discussed in chapter 3. If this condition remains untreated, progres-
sive entrapment may lead to irreversible nerve damage resulting in spontaneous neuropathic 
discharges. Persistent pain relief is reported using sequential trigger point infiltrations 
combining local anesthetics with corticosteroids. However, the literature is controversial. 
The aim of the observational study that is reported in chapter 4 was to evaluate the efficacy 
of trigger point injections using local anesthetics combined with corticosteroids in ACNES 
patients. 
Between August 2008 and December 2010, 50 patients participating in randomized studies 
reported in chapter 3 and 5 were additionally studied (NTR2016). They received an injec-
tion of 10 cc of 1% lidocaine combined with 40 mg of methylprednisolone into the point 
of maximal abdominal wall pain just underneath the anterior fascia of the rectus abdominis 
muscle. If required, injections were repeated once or (maximally) twice. Pain was recorded 
just prior to and 15-20 minutes after injection and once during a follow up visit. A reduction 
of >50% on VAS or 2 points on VRS was considered a ‘successful response’. Immediately 
following infiltration, 72% (n=36) demonstrated a successful response. At the end of the 
evaluation period (median follow-up of 14 months), a third of the injected patients (n=17) 
reported a significant and long lasting pain reduction. Five of these 17 patients needed 
multiple injections. It is unclear whether the anesthetic effect is due to methylprednisolone 
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or due to the repeated lidocaine injections. A randomized controlled trial studying the 
potential beneficial effects of the addition of corticosteroids to these local anesthetic agents 
is currently underway (NTR 4141). 
Although a substantial part of ACNES patients is successfully treated with an injection 
regimen, the majority of patients go on to suffer from unacceptable levels of pain. Surgical 
intervention by resection of the nerve at the level of the ventral fascia is proposed by some 
as a last resort measure.2 However, the favorable results of the protocol incorporating a sur-
gical arm as discussed in chapter 2 warranted the execution of a randomized trial. Aim of 
the trial was to clarify the role of a surgical neurectomy on pain in ACNES patients failing 
a conservative treatment regimen. In chapter 5, adult patients diagnosed with ACNES were 
randomized to receive a neurectomy or a sham procedure via an open surgical procedure 
in day care. Both patients and principal investigator were blinded to the nature of surgery. 
Pain was recorded prior to surgery and 6 weeks postoperatively. A > 50% VAS reduction 
and/or 2 points VRS drop were considered ‘successful responses’. Forty-four patients 
were randomized between August 2008 and December 2010. In the neurectomy group, 
16 of 22 patients reported a successful response. In contrast, significant pain reduction 
was obtained in just 4 patients in the sham group (p=0.001). 
An anterior neurectomy may seem successful but follow up was short and populations 
were small. The primary aim of this cross sectional report (chapter 6) was to determine 
the long-term success rate of surgery in a large ACNES population.
Patients who underwent a primary anterior neurectomy between January 2004 and February 
2012 were investigated. Pain scores were obtained before and after surgery and at the moment 
of follow up using a pain-intensity numeric rating scale (PI-NRS 0-10) and a 6-point verbal 
category rating scale (VRS). Success was defined as a ≥50% PI-NRS reduction or ≥2 point 
VRS reduction. Data of 181 neurectomies in 154 individuals were available for analysis. 
Short-term (1-3 months postoperative) success was 70% (127/181 procedures). After a mean 
32 months (range 3-93) follow-up, a success rate of 61% (109/180) on the long-term was 
found. Consequently, a 16% (n=20) recurrence rate was observed. 
If the abdominal wall as a source of CAP is considered ‘overlooked’ in adults, the term 
‘ignored’ applies to children and adolescents. To assess the efficacy of a neurectomy in 
children and adolescents, data of all children suspected of having ACNES but being re-
fractory to conservative treatment including repeated injections of local anesthetics were 
analysed in chapter 7. They were interviewed postoperatively using an adapted quality of life 
questionnaire (TACQOL). All subjects (n=6, mean age 15 y, range 9-16) were previously 
healthy school-going children without prior physical or mental illness or earlier surgery. 
All presented with an intense abdominal pain and a positive Carnett sign. Doctor’s delay 
was 16 weeks and school absence was 25 days. Prior to surgery, quality of life (pain, daily 
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activities and sports) was greatly diminished. After the neurectomy, all children were free 
of pain and had resumed their normal daily routine (median follow up 6 months). 
In chapter 8 a patient with severe neuropathic chronic back pain is presented. She suffered 
from an ACNES type of syndrome, although signs and symptoms were located in the 
lower back area just lateral to the lower thoracic vertebral column. A local neurectomy was 
performed, as the pain was refractory to local injections. The procedure was effective in 
abolishing the pain. It allowed her to resume her normal activities she was forced to 
interrupt because of the excruciating pain. The acronym POCNES is proposed (posterior 
cutaneous nerve entrapment syndrome). 
ConClusIons of ThIs ThesIs
1.  A regimen of consecutive local trigger point injections is effective in one-thirds of patients 
with chronic abdominal pain due to ACNES. Surgical neurectomy is effective in about 
two-thirds of the ‘injection regimen refractory’ patients. Eighty percent of this large 
ACNES population (n=139) reports total or substantial pain relief on the long term.
2. Entrapped branches of intercostal nerves may contribute to the clinical picture of 
ACNES in some chronic abdominal pain patients. Pain reduction following local infil-
tration in suspected ACNES patients is based on an anesthetic mechanism and not on 
a placebo or a mechanical (volume) effect. 
3.  Trigger point infiltration(s) using a local anesthetic agent combined with methylpred-
nisolone offers long-term pain relief in one third of patients with ACNES. Whether the 
anesthetic effect is due to methylprednisolone or the repeated lidocaine injections per 
se requires a randomized trial.
4.  Neurectomy of intercostal nerve endings at the level of the abdominal wall is an effective 
surgical procedure for pain reduction in ACNES patients who failed to respond to a 
conservative regimen.
5.  A 70% short-term success rate and a 61% long-term success rate following a primary 
anterior neurectomy for ACNES was attained. Surgery is the method of choice in 
ACNES patients refractory to a conservative regimen.
6. Children with chronic abdominal pain due to refractory ACNES should be offered a 
cutaneous neurectomy as this simple surgical technique is effective on the short and 
long term. 
7.  Each patient with chronic localized back pain should undergo simple somatosensory 
testing (swab, pinchtest) as overlying skin hypo- and dysesthesia may be present. If so, 
you may be looking at a case of POCNES. 
fuTure perspeCTIves on aCnes
According to this thesis author’s opinion, ACNES is a well-established syndrome. Diagnosis 
and treatment are straightforward in the majority of patients but various questions remain. 
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A major future challenge is the large scale spreading of existing knowledge on ACNES. This 
entity deserves a position way up the differential diagnostic ladder of (chronic) abdominal 
pain. By early recognition and treatment, preferably within 3 months after presentation of 
the initial symptoms, many patients may never attain a chronic state of pain. A swift treat-
ment regimen will prevent a dangerous, frustrating and costly medical tour on a personal 
level. From a socioeconomic standpoint, the financial burden of this entity will thus be 
limited. A standardized means of recording the multitude of patient related variables in a 
uniform database holds the key in pattern recognition and may possibly lead to a proper 
identification of etiology. This drive for ‘recognition of patterns’ has resulted in validation 
of a questionnaire that allowed for the distinction of ACNES among patients previously 
‘diagnosed’ with Irritable Bowel Syndrome.3 Implementing this questionnaire on a larger 
scale may help identifying patients with ACNES related abdominal pain presenting in the 
Family Practice, Emergency Room and outpatient clinic. By doing so, further information 
on disease prevalence will be acquired.
Currently, most ACNES patients benefit from therapy. Therefore, future studies should 
focus on those patients who are not successfully treated. Further investigation is mandatory 
into pathophysiological aspects of ACNES and the anatomical variation of the involved 
nerves. These studies might provide insight into identification of therapy resistant indi-
viduals. A substantial portion of unsuccessfully neurectomized patients is still responsive to 
local infiltration. This observation prompted us to explore posterior portions of the abdomi-
nal wall with subsequent neurectomies. This procedure is successful in a substantial portion 
of the initially unresponsive cases but more experience is needed, especially as anatomy 
may seem less predictable compared to the ventral side of the rectus muscle. Whether this 
posterior approach, if executed as a first operation, is more successful compared to an 
anterior neurectomy will be studied in the future.
In essence, pain is a complex pathophysiological mechanism. Perception of pain starts 
with nociception, i.e. the activation of pain receptors (nociceptors) by potentially harmful 
(noxious) stimuli. These nociceptors transmit a signal along the spinal cord to the brain 
where it is processed and results in a subjective sensation referred to as pain.4-6 Acute pain 
is primarily aimed at informing an individual of possible impending damage and stimu-
lates facilitating of the healing process in a damaged body part by avoiding its use.4 In 
chronic pain however, this warning function is lost due to maladaptive changes. Ongoing 
nociceptive input may lead to altered peripheral and central signalling mechanisms.7 This 
so-called neuroplasticity encompasses both facilitation and inhibition of pain.8 Chronic 
pain disorders associated with induced neuroplasticity include peripheral and central 
sensitization, in which the increase of excitability of neurons within the spinal cord causes 
innocuous stimuli to produce pain (allodynia) and noxious stimuli to evoke exaggerated 
responses (hyperalgesia).4,5,9 
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Since pain is a predominant subjective perception, it is difficult to quantify its intensity. 
Quantitative Sensory Testing (QST) is a tool for objectively assessing alterations in nocicep-
tive and pain processing at the peripheral and central levels of the nervous system.10 It is 
a validated instrument that is claimed to determine neuroplasticity by evaluating responses 
to external stimuli of controlled intensity, such as mechanical and electrical stimuli.11,12 
It may be worthwhile to perform QST in ACNES patients as a means to monitor some of 
these changes. 
Whether altered central pain processing exists in ACNES patients and how this relates to 
treatment failure and psychological parameters is unknown. These measurements may 
shed some light on potential pre-existing differences in pain processing among patients. 
Hopefully these efforts will lead to a predictive model for outcome of treatment in these 
patients who at first sight present with identical sets of symptoms.
A noninvasive treatment algorithm including antineuropathic analgesics, corticoid infil-
tration, pulsed radiofrequent (PRF) treatment and transcutane electro neuro stimulation 
(TENS) may all be explored in chronic pain patients with ACNES. Although some consider 
surgery in recalcitrant patients as the last resort option, little is known of the exact position 
of surgery within the overall treatment algorithm. Perhaps predictive models will allow for 
the identification of patients with ACNES who will respond beneficially to early surgery, as 
opposed to those individuals with a proven peripheral or central sensitization who will not. 
Evidence favoring a treatment of refractory neuropathic groin pain using invasive neuro-
stimulation techniques is growing. These options include peripheral nerve stimulation, 
spinal cord stimulation and dorsal root ganglion (DRG) stimulation with promising 
results.13-17 Although studies on treatment of ACNES are not available, similarities in signs 
and symptoms between ACNES and the studied neuropathic groin pain populations are 
encouraging and warrant further investigation.
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algeMene saMenvaTTIng
Het diagnostische traject van chronische abdominale pijn (CAP) leidt veelal tot uitvoering 
van een uitgebreid arsenaal aan aanvullende diagnostiek ter beoordeling van inwendige 
organen. Als het buikpijn betreft, zijn wij dokters veelal gericht op het uitsluiten van een 
viscerale oorzaak met bijvoorbeeld een echo of CT-scan. Echter, buikpijn kan ook ontstaan 
door een niet makkelijk zichtbaar te maken afwijking in de buikwand. Het niet onder-
kennen van het fenomeen buikwandpijn kan resulteren in een frustrerende en potentieel 
gevaarlijke diagnostische en tevens therapeutische odyssee, waarbij niet zelden onnodige 
exploratieve en invasieve procedures worden verricht.1 Naast een vertraging van het diag-
nostische traject door dergelijke omtrekkende bewegingen van betrokken medici resulteren 
deze vruchteloze pogingen in een onnodige verkwisting van middelen en mankracht.
Hoewel de eerste beschrijvingen van chronische abdominale wand pijn (CAWP) syndromen 
al meer dan twee eeuwen oud zijn, kregen deze pijnsyndromen nooit de aandacht die ze 
verdienden. Ook heden ten dage worden ze nog slechts zelden overwogen binnen de diffe-
rentiaaldiagnose van CAP. Ook nu nog worden veel CAWP patiënten met de beste bedoe-
lingen van het kastje naar de muur gestuurd.
Eén van de meest voorkomende en kenmerkende vorm van CAWP wordt veroorzaakt door 
beklemming van een intercostaalzenuw ter hoogte van de laterale rand van de musculus 
rectus abdominis.2 Rek op de buikwand in combinatie met een voor zenuwen ongelukkige 
anatomie leidt tot lokale ischemie van deze zenuw met als gevolg een vicieuze cirkel van 
zwelling-pijn-spierspasme-ischemie-zwelling. Herniatie van het vetweefsel rondom de 
neurovasculaire bundel in de rectusspier zou dit mogelijk versterken, hetgeen kan leiden 
tot het ‘anterior cutaneus nerve entrapment syndrome’ (ACNES). 
ACNES-patiënten voelen een zeer plaatselijke buikpijn die verergert bij activiteit en door 
bepaalde houdingen. De pijn kan door de onderzoeker vaak worden gelokaliseerd met de 
‘top van één vinger’. Een positief teken van Carnett en een afwijkend of veranderd gevoel 
in de overliggende huid ondersteunen de diagnose. Het tussen duim en wijsvinger knijpen 
van de huid ter plaatse is vrijwel altijd pijnlijk (‘pinch test’). Begeleidende gastro-intestinale 
klachten kunnen dysfunctioneren van organen nabootsen, waardoor zowel patiënt als dok-
ter op een verkeerd spoor worden gezet. Een gedetailleerde beschrijving van anamnese en 
lichamelijk onderzoek bij ACNES wordt gegeven in hoofdstuk 1.
Herkenning van symptomen in anamnese en lichamelijk onderzoek bij een ACNES patiënt 
maakt het stellen van de diagnose feitelijk eenvoudig. Dit geldt zeker als de pijn niet pro-
gressief is, en bij standaard onderzoeken geen aanwijzing voor een viscerale aandoening 
wordt gevonden. Om met de woorden van Johan Cruijff te spreken: “Je gaat het pas zien, 
als je het door hebt”.
Hoewel behandeling van chronische pijn in het algemeen vaak intensief en complex is, 
kan een groot gedeelte van de patiënten met ACNES geholpen worden met relatief een-
voudige therapeutische interventies. Hoofdstuk 2 beschrijft een retrospectieve studie die 
werd uitgevoerd ter evaluatie van zowel het diagnostisch protocol als de behandelstrategie 
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bij patiënten waarbij de diagnose ACNES werd overwogen. Een groep van 139 patiënten 
die tussen 2003 en 2008 de polikliniek van het Máxima Medisch Centrum te Veldhoven 
bezochten in verband met CAP, waarbij de verdenking bestond op ACNES, werden retro-
spectief geëvalueerd. De diagnose werd als bewezen beschouwd indien na een diagnosti-
sche injectie van het pijnlijke punt in de buikwand (‘triggerpunt’) met 1% lidocaine een 
substantiële pijnvermindering werd waargenomen. Aanvullend kreeg een aantal patiën-
ten een therapeutische injectie met lidocaine gecombineerd met corticosteroïden. Indien 
het pijnstillende resultaat na injecties onvoldoende bleek, werd na overleg een anterieure 
neurectomie verricht. Eenentachtig procent (n=94) van de patiënten liet na één injectie 
een VAS (visual analog scale, 0-10) pijnreductie zien van meer dan 50%. In totaal bleek 
33% (n=44) van de patiënten na een follow up van 18 maanden pijnvrij na injectietherapie. 
Negenenzestig patiënten ondergingen aanvullend een neurectomie, die succesvol bleek in 
49 (71%). Op de lange termijn was 71% tevreden met het behaalde resultaat. Daarnaast werd 
door nog eens 9% extra een verbetering van het totale klachtenpatroon gerapporteerd.
Door sommigen wordt het bestaan van ACNES in twijfel getrokken. Deze sceptici schreven 
het succes van behandeling toe aan een placebo-effect. Om het effect van injecties als diag-
nosticum te evalueren, werd een dubbel-blind gerandomiseerde trial uitgevoerd, beschreven 
in hoofdstuk 3. De hypothese luidde dat meer ACNES-patiënten een substantiële pijn-
vermindering zouden ervaren na het injecteren van lidocaine dan na fysiologisch zout. 
Tussen augustus 2008 en december 2010 werden 48 patiënten gerandomiseerd tussen 
een toediening van 10 cc lidocaine 1% dan wel fysiologisch zout. Deze substanties werden 
percutaan net onder de anterieure fascie van de musculus rectus abdominis ingespoten. 
Een VAS-pijnreductie van tenminste 50% en/of 2 punten verlaging zoals gemeten met een 
VRS (verbal rating scale, 0-4) werd als een ‘succesvolle respons’ beschouwd. In de fysiolo-
gisch zout groep rapporteerden 4 van de 24 patiënten een succesvol resultaat in vergelijking 
met 13 van de 24 in de lidocaine groep (p=0.007). Zo werd aangetoond dat het pijnstil-
lende effect ontstaat als gevolg van de anesthetische werking van het toegediende middel, 
en niet komt door een placebo-effect, volumewerking of “dry needling effect”.
Pijn bij ACNES lijkt te worden veroorzaakt door beklemming van de eindtakken van 
intercostaalzenuwen op het niveau van de rectus fascie, zoals beschreven in hoofdstuk 3. 
Onbehandeld leidt deze conditie mogelijk tot irreversibele zenuwschade, resulterend in 
spontane neuropathische ontladingen. Definitieve verbetering van pijn is beschreven na 
sequentiële injecties met een combinatie van een lokaal anestheticum zoals lidocaine met 
corticosteroïden. De literatuur is echter controversieel. Het doel van de observationele 
studie zoals beschreven in hoofdstuk 4 is de evaluatie van de effectiviteit van triggerpunt-
infiltratie met deze combinatie van middelen in de groep patiënten met ACNES die eerder 
is beschreven in hoofdstuk 3 en 5. Tussen augustus 2008 en december 2010 werden 50 
patiënten geïnjecteerd met 10 cc lidocaine 1% en 40 mg methylprednisolon. Deze combi-
120 samenvattinG, conclusies en toekomstperspectief
natie werd percutaan net onder de fascie van de musculus rectus abdominis ingespoten. 
Indien nodig werd dit tot maximaal 2 maal herhaald met tweeweekse intervallen. Pijn werd 
gemeten direct vóór, en 15-20 minuten na injectie en na 2 weken. Een pijnreductie van 
tenminste 50% gemeten met de VAS en/of 2 puntenverlaging middels de VRS werd als 
een ‘succesvolle respons’ beschouwd. Direct na infiltratie had 72% (n=36) een succes-
volle respons. Aan het eind van de evaluatieperiode (mediane follow-up van 14 maanden) 
rapporteerde één derde van de patiënten (n=17) een substantiële en persisterende pijn-
vermindering. Vijf van deze 17 patiënten hadden hiervoor twee of meer injecties nodig. 
Het is onduidelijk of dit langdurig pijnstillende effect veroorzaakt wordt door de combinatie 
van een locaal anestheticum met methylprednisolon, of door de herhaalde injecties met 
lidocaine alleen. Daarom is inmiddels een gerandomiseerde studie gestart naar het effect 
van toevoeging van dergelijke corticosteroïden aan een lokaal anestheticum (NTR 4141).
Hoewel een substantieel deel van de patiënten succesvol behandeld kan worden met een 
injectieregime, houdt het overgrote deel van patiënten een onacceptabel pijnniveau. Chirur-
gische interventie met resectie van de zenuwtakjes op het niveau van de ventrale fascie 
wordt volgens sommigen voorgesteld als een ‘laatste strohalm’ maatregel.2 De positieve 
resultaten van een protocol waarin een chirurgisch traject is opgenomen, zoals beschreven 
in hoofdstuk 2, maakten een gerandomiseerde analyse noodzakelijk. Het doel van een 
dergelijke studie was de evaluatie van het effect van een chirurgische neurectomie op de 
pijnbeleving bij patiënten met ACNES, bij wie conservatieve maatregelen faalden. In 
hoofdstuk 5 werden 44 volwassenen met de diagnose ACNES tussen augustus 2008 en 
december 2010 gerandomiseerd tussen een operatie in dagbehandeling waarbij via een 
kleine buikwandincisie ofwel een neurectomie ofwel een ‘placebo–operatie’ werd uit-
gevoerd. Bij deze laatste procedure werd onder narcose alleen een snede in de buikhuid 
uitgevoerd, zonder dat de zenuw werd verwijderd. Zowel patiënt als onderzoeker waren 
geblindeerd voor de verrichtte procedure. Pijn werd gescoord vóór en 6 weken na operatie. 
Een pijnreductie van tenminste 50% gemeten met de VAS en/of 2 punten verlaging middels 
de VRS werd als een ‘succesvolle respons’ beschouwd. In de neurectomie groep meldden 
16 van de 22 patiënten een succesvol resultaat. In schril contrast hiermee rapporteerden 
in de placebo-groep slechts 4 patiënten minder pijn (p=0.001). Door deze studieopzet 
werd bewezen dat het uitvoeren van een voorste neurectomie bij ACNES een zinvolle 
chirurgische ingreep is.
Een anterieure neurectomie blijkt dus succesvol maar de follow-upduur was relatief kort 
en de populatie relatief klein. Het doel van de studie, beschreven in hoofdstuk 6, was het 
vaststellen van de langetermijnresultaten van dergelijke chirurgie in een grotere ACNES 
populatie. Alle patiënten die tussen januari 2004 en februari 2012 een anterieure neurec-
tomie ondergingen werden nader geëvalueerd. Pijnscores waren beschikbaar van vóór en 
na operatie bij 181 neurectomieën in 154 individuen. Tevens werd tijdens een hernieuwde 
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follow-up het huidige pijnniveau gemeten met behulp van de ‘pain intensity numeric rating 
scale’ (PI-NRS 0-10) en een 6 punts verbal rating scale (VRS). Succes werd gedefinieerd 
als een daling van tenminste 50% op de PI-NRS of tenminste 2 punten op de VRS. Op de 
korte termijn (1-3 maanden postoperatief) bleek 70% van de patiënten succesvol geope-
reerd (127/181 procedures). Na een mediane follow-up van 32 maanden (range 3-93) werd 
een succespercentage van 61% gevonden. Derhalve bleek de recidiefkans 16% (n=20). 
Anderzijds blijkt een neurectomie bij ACNES, indien initieel succesvol, dus ook op de 
langere termijn in de meeste gevallen effectief te zijn. 
Als de buikwand bij volwassenen als oorzaak van chronische abdominale pijn al nauwelijks 
wordt overwogen, dan wordt deze structuur bij kinderen en adolescenten zo goed als gene-
geerd. Om de resultaten van een neurectomie in deze groep patiënten te evalueren werden 
data van alle kinderen en adolescenten waarbij de diagnose ACNES eerder werd gesteld, 
geanalyseerd in hoofdstuk 7. Alle kinderen waarbij conservatieve behandeling middels 
herhaalde injecties gefaald had, werden na de uitgevoerde voorste neurectomie enige 
maanden later geïnterviewd met gebruik van de ‘adapted quality of life questionnaire 
(TACQOL). Alle patiënten (n=6, mediane leeftijd 15 jaar, range 9-16) waren voorheen 
gezonde schoolgaande kinderen zonder een fysieke of psychisch relevante voorgeschiede-
nis. Dokters ‘delay’ was 16 weken en mediaan schoolverzuim 25 dagen. Vóór de operatie 
was de quality of life (op de domeinen pijn, dagelijkse activiteiten en sport) fors verminderd. 
Alle 6 kinderen die zich met intense buikpijnen presenteerden, hadden bij lichamelijk 
onderzoek een positief teken van Carnett. Na neurectomie waren ze alle 6 pijnvrij en 
hadden zij hun dagelijks leven, inclusief sporten, weer normaal hervat (mediane follow-
up 6 maanden).
In hoofdstuk 8 wordt een patiënt gepresenteerd met een ernstige chronische rugpijn van 
neuropathische origine. Zij leed aan een ACNES-achtig syndroom, maar de pijn bevond 
zich op de rug, net lateraal van de thoracolumbale wervelkolom. Toen een blijvend resultaat 
op lokale injecties uitbleef, werd een neurectomie uitgevoerd.
De procedure bleek zeer succesvol te zijn ten aanzien van haar pijnbeleving. Zij kon haar 
werkzaamheden, die zij voorheen door de heftigheid van de pijn had moeten opgeven, 
weer volledig hervatten. Het acroniem POCNES wordt voorgesteld (posterior cutaneous 
nerve entrapment syndrome).
ConClusIes van dIT proefsChrIfT
1.  Een regime van herhaalde injecties in of rondom het triggerpunt in de buikwand is 
effectief in één derde van de patiënten met chronisch abdominale pijn door ACNES. 
Een chirurgische voorste neurectomie is effectief in ongeveer twee derde van de ‘injectie-
therapie resistente’ patiënten. Tachtig procent van een grote populatie ACNES patiënten 
heeft een volledige of nagenoeg volledige pijnverlichting. 
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2.  Bij patiënten met chronisch abdominale pijn door ACNES wordt de pijn veroorzaakt 
door beklemming van intercostaalzenuwuiteinden. Pijnvermindering na lokale infil-
tratie bij dergelijke patiënten is gebaseerd op een anesthetisch effect en niet op een 
placebo, mechanisch (volume) of “dry needling” effect.
3.  Triggerpuntinfiltratie met een lokaal anestheticum gecombineerd met methylpredni-
solon geeft een langdurige pijnvermindering bij ongeveer één derde van de patiënten 
met ACNES. Of dit effect ontstaat als gevolg van de methylprednisolontoevoeging of 
door de herhaalde lidocaine-injecties verdient onderzoek in een gerandomiseerde trial. 
4.  Neurectomie van intercostaalzenuwuiteinden op het niveau van de buikwand is een 
effectieve procedure ter pijnreductie bij patiënten met ACNES, bij wie een blijvend 
resultaat op conservatieve maatregelen, zoals injecties, uitblijft. 
5.  Op de korte termijn kan bij ACNES een succespercentage van 70%, en op de lange ter-
mijn van 61% behaald worden door middel van een primaire anterieure neurectomie. 
Operatie is de behandeling van keuze na een falende conservatieve therapie.
6. Kinderen met ACNES, bij wie geen succesvol resultaat kan worden verkregen met een 
conservatieve therapie, moet een neurectomie worden aangeboden. Het is een simpele 
en effectieve behandeling op de korte en lange termijn.
7.  Elke patiënt met gelokaliseerde pijn in de rug zou moeten worden onderzocht op soma-
tosensorische afwijkingen door middel van simpele testjes, omdat de pijn kan worden 
veroorzaakt door een beklemd takje van de posterieure intercostaalzenuw. Indien dit 
het geval is, is er wellicht sprake van POCNES.
ToekoMsTperspeCTIef 
Er bestaat heden ten dage geen twijfel meer dat ACNES als een aparte entiteit moet worden 
gezien. Diagnose en behandeling van dit evident bewezen syndroom zijn gemakkelijk uit-
voerbaar en succesvol in het grootste gedeelte van de patiënten, maar er resteert een aantal 
belangrijke vragen. Eén van de grote uitdagingen is het verspreiden van de opgedane kennis 
aangezien bekendheid rondom dit pijnprobleem tot op heden onvoldoende is. Het syn-
droom ACNES verdient een veel hogere plaats in de differentiaaldiagnose van (chronische) 
abdominale pijn. Vroege herkenning en behandeling, bij voorkeur binnen 3 maanden, 
kan mogelijk beletten dat het probleem chronisch wordt. Een dergelijke aanpak kan een 
belastende, frustrerende en dure rondgang door het medisch circuit mogelijk voorkomen. 
Op collectief niveau zal, vanuit een socio-economisch perspectief bezien, de financiële 
zorglast van deze patiëntengroep dan beperkt blijven. De sleutel tot patroonherkenning 
ligt mogelijk in het gestandaardiseerd vastleggen van de multiple patiëntvariabelen in een 
uniforme database. Deze aanpak zou dan kunnen leiden tot het vinden van de werkelijke 
etiologie van het syndroom. Het streven naar patroonherkenning heeft al wel geleid tot 
een gevalideerde vragenlijst als hulp bij het identificeren van ACNES-patiënten binnen een 
groep patiënten waarbij de verlegenheidsdiagnose ‘Irritable Bowel Syndrome’ of functio-
nele buikklachten werd gesteld.3 Implementatie van zo’n vragenlijst op grotere schaal kan 
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helpen bij het herkennen van patiënten met ACNES-gerelateerde klachten in huisarts-
praktijk, spoedeisende hulp en diverse poliklinieken. Incidentie en prevalentie van dit 
syndroom kunnen in de toekomst zodoende worden berekend.
Op dit moment hebben de meeste ACNES patiënten baat bij injecties of een operatie. 
Toekomstige studies zullen zich meer moeten richten op die groep waarbij geen succesvol 
resultaat kan worden verkregen. We zullen dieper moeten ingaan op de pathofysiologische 
aspecten van ACNES en de anatomische variaties van de aangedane zenuwen. Mogelijk 
geeft deze aanpak meer duidelijkheid over de oorzaak van de therapieresistentie die wordt 
gezien bij ongeveer 20% van de populatie. Een substantieel deel van de na neurectomie 
niet succesvol behandelde patiënten blijft bij herhaling tijdelijk wel goed reageren op lokale 
infiltraties. Deze bevinding heeft er toe geleid dat de meer dorsaal gelegen vlakken van de 
buikwand werden geëxploreerd, gevolgd door een neurectomie op het niveau van de 
achterste rectusschede. Deze procedure geeft bij een substantieel deel van de patiënten 
alsnog een succesvol resultaat, maar meer ervaring is nodig, zeker aangezien de anatomie 
hier mogelijk minder voorspelbaar is dan aan ventrale zijde. Of deze benadering, uitge-
voerd als eerste stap in het chirurgische algoritme, betere resultaten geeft dan een primair 
ventrale benadering, zal ook nader onderzocht moeten worden.
Pijn is in essentie een complex pathofysiologisch mechanisme. Perceptie van pijn ontstaat 
door activatie van pijnreceptoren (nociceptors) door potentieel gevaarlijke stimuli. Deze 
nociceptoren zenden het signaal via het ruggenmerg naar het brein, waar het verwerkt 
wordt tot een subjectieve sensatie: Pijn.4-6
Acute pijn is primair gericht op het informeren van het individu aangaande potentiële 
schade en stimuleert op deze wijze het genezingsproces in beschadigd weefsel, door het 
gebruik ervan te beperken.4 Bij chronische pijn daarentegen is deze signaalfunctie verloren 
gegaan door een continu verkeerde verwerking. Persisterende nociceptieve input kan 
resulteren in een veranderd perifeer en centraal verwerkingsmechanisme van binnen-
komende signalen.7 Deze neuroplasticiteit is gericht op zowel het faciliteren als het remmen 
van de pijn.8 Chronisch pijnsyndromen zijn geassocieerd met een dergelijke neuroplastici-
teit waarbij sprake is van perifere en centrale sensitisatie. Hierin veroorzaakt de toegenomen 
prikkelgevoeligheid van zenuwen in het ruggenmerg een pijnprikkel op doorgaans niet pijn-
lijke stimuli (allodynie) en een overdreven reactie op pijnlijke prikkels (hyperalgesie).4,5,9
Aangezien pijn een subjectieve perceptie is, is het objectief meten en graderen van pijn 
zeer moeilijk. ‘Quantitative Sensory Testing’ (QST) is een techniek om objectief verande-
ringen in nociceptieve en pijnverwerkingsmechanismen van zowel het perifere als het 
centrale zenuwstelsel in te kunnen schatten.10 QST meet neuroplasticiteit door reacties te 
meten op externe stimuli van gecontroleerde intensiteit, zoals mechanische en elektrische 
prikkels.11,12 Of veranderingen in het centraal verwerkingsmechanisme een rol spelen bij 
het falen van therapie bij ACNES-patiënten is onbekend. Het bestuderen van deze inter-
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actie kan mogelijk duidelijkheid geven over eventuele pre-existente individuele verschillen 
in pijnverwerking. Hopelijk leidt dit soort onderzoekingen tot een model dat de uitkomst 
kan voorspellen van behandeling van dergelijke patiënten met ogenschijnlijk identieke 
symptomen.
Noninvasieve behandelingen zoals antineuropathische analgetica, corticosteroïd infiltratie, 
pulsed radiofrequent (PRF) behandeling en transcutane electo neuro stimulatie (TENS) 
kunnen ook allen bij ACNES ingezet worden. Hoewel sommigen chirurgie beschouwen 
als een ‘last resort option’, is niet bekend waar in het behandelingsalgoritme chirurgie zou 
moeten worden ingepast. Misschien dat het bovengenoemd voorspellende model kan leiden 
naar vroeg(er) chirurgisch ingrijpen bij patiënten met een “pure” ACNES en juist niet 
opereren bij patiënten met aangetoonde perifere of centrale sensitisatie. 
Welke andere behandelmodaliteiten voor ACNES kunnen we in de toekomst verwachten? 
Er is steeds meer ervaring en bewijs voor neurostimulatie bij therapieresistente patiënten 
met chronische liespijn na liesbreukchirurgie. Hieronder vallen perifere zenuw-, ruggen-
merg- en Dorsal Root Ganglion (DRG)-stimulatie. Resultaten hiervan zijn veelbelovend. 
Studieresultaten van een dergelijke behandeling bij ACNES-patiënten zijn niet voorhanden, 
maar de overeenkomsten in symptomen tussen ACNES en de bestudeerde neuropathische 
liespijnpopulaties zijn bemoedigend en vragen om verder onderzoek.13-17
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Aan mijn promotie hebben velen bijgedragen, direct of indirect. Hoewel ik me realiseer 
dat ik nooit volledig kan zijn wil ik een aantal mensen in het bijzonder bedanken.
Bovenal wil ik de patiënten danken die aan onze trials hebben deelgenomen. Het vertrou-
wen dat jullie in ons stelden om op deze wijze te kunnen bijdragen aan de bekendheid en 
wetenschappelijke onderbouwing van deze tot voor kort weinig bekende aandoening is 
bewonderenswaardig. Ook zij die bewust hebben afgezien van deelname of niet in aan-
merking kwamen wil ik danken voor de terugkoppelingen. Ik kan niet omschrijven hoeveel 
we van jullie hebben geleerd. 
Prof. dr. C.J.H.M. van Laarhoven, promotor en opleider, beste Kees, ik wil je zeer hartelijk 
danken voor het vertrouwen en de tijd die ik gekregen heb om dit promotietraject af te 
ronden. De mogelijkheid om de ACNES-poli in Veldhoven te blijven doen is van cruciaal 
belang geweest voor de totstandkoming van dit proefschrift. Ook jouw inhoudelijke bijdrage 
en wetenschappelijke input in de laatste fase van het manuscript waren uiterst waardevol.
Dr. R.M.H. Roumen, copromotor en opleider, beste Rudi, je hebt me letterlijk besmet met 
het ‘ACNES virus’. ACNES bestaat en dat hebben we nu wel bewezen! Zonder de input 
van jou en Marc zou dit werk echter nooit zijn volbracht. Jouw enthousiasme en betrokken-
heid bij onderzoek en patiëntenzorg is en blijft zeer inspirerend. Daarnaast heb je een 
vormende rol gespeeld in mijn ontwikkeling tot chirurg en als individu. Ik waardeer het 
enorm dat ik de ruimte heb gekregen om me aan dit traject te blijven committeren, ook 
toen de wind voor mij uit een minder gunstige hoek leek te komen. Deze fase en de ge-
sprekken die we toen hebben gehad zijn positief vormend geweest. Het zal me altijd bij 
blijven dat een flesje bier en een goede grap heeft geleid tot het in mijn ogen hoogtepunt 
van dit proefschrift. Ik viel van mijn stoel toen we het mochten uitvoeren van de METC. 
Hoewel ik even wil genieten van de voltooiing van dit project, realiseer ik me dat we slechts 
aan het begin staan van het werkelijke begrijpen. Ik hoop hier in de toekomst deel van uit 
te kunnen blijven maken. 
Dr. M.R.M. Scheltinga, copromotor. Beste Marc, dank voor het vertrouwen en de steun, 
ook al leek het er soms op dat het nooit zou gaan gebeuren. Jouw minutieuze stofkam heeft 
veel onbegrijpelijke teksten weer leesbaar gemaakt. Jouw mailtje: “ik zit hier op een boot, 
keep me busy...” van begin 2014 is een sterke katalysator geweest voor het afronden van 
dit verhaal. Het is indrukwekkend hoe jij teksten kan reviseren, nog voor ik de ‘send’-knop 
heb losgelaten. Ik hoop in de toekomst nog vaak met jou en Rudi over ACNES te kunnen 
brainstormen. 
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Dr. S. Houterman, statisticus, beste Saskia, een goed idee is niets zonder onderbouwing. 
Dank voor je adviezen, aanwijzingen en berekeningen. Ook jouw bijdragen aan de artikelen 
heb ik altijd zeer gewaardeerd.
Prof. dr. H. van Goor, beste Harrie, dank voor al je kritische noten, commentaren en bespie-
gelingen. Jouw uitgebreide kennis en ervaring in alle facetten van pijn en pijn behandeling 
zijn een bron van inspiratie voor verder onderzoek binnen de ACNES populatie. Maar 
bovenal wil ik je danken voor je openlijke steun tijdens mijn periode in het Radboud, als 
ik weer eens riep: “is het geen ACNES?”
Prof. dr. K.C.P. Vissers, Prof. dr. M.M. Rovers en Prof. dr. J.F. Lange, leden van de manuscript-
commissie. Dank voor het beoordelen van mijn proefschrift.
Chirurgen Maxima Medisch Centrum, bedankt voor alle mogelijkheden die jullie me heb-
ben geboden om me te ontwikkelen tot de chirurg die ik nu ben geworden. Het was een 
onvergetelijke en inspirerende tijd.
Chirurgen Radboud UMC, ik weet dat jullie in den beginne gezond sceptisch tegenover 
het probleem ACNES hebben gestaan. Ik waardeer het enorm dat ik in de gelegenheid 
ben gesteld jullie gedachten hierover te veranderen en dat ik een eigen poli op heb kunnen 
zetten. Ik zie mijn toelating tot de memorabele ‘club der desillusionisten’ als een belang-
rijk kantelpunt in de aandacht die er binnen het Radboud ontstond voor deze categorie 
patiënten. 
Collega’s tijdens mijn opleiding in het Maxima Medisch Centrum en Radboud UMC. 
Dank voor de mooie en onvergetelijke jaren. De samenwerking en betrokkenheid waren 
van onschatbare waarde. Met name alle assistenten uit het Radboud UMC dank voor de 
ruimte die ik kreeg voor de ACNES poli. Dank aan Herjan van der Steeg en Maurice Pierie 
voor het creëren van die ruimte in het rooster. Dank ook aan Wouter Leclercq, Giel Koning, 
Pascal Teeuwen, Joost Peters en Michel van der Jagt. De bespiegelingen onder het genot 
van een ‘flappie’ zijn zeer gewaardeerd.
Medewerkers van het secretariaat, poliklinieken en ok assistentes, dank voor jullie onder-
steuning. Ik wil in het bijzonder Riekie en Mieke (MMC) en Hans (Radboud UMC) danken 
voor de administratieve ondersteuning, die was vaak hard nodig….
Natuurlijk wil ik ook het secretariaat en de spreekuur assistenten en verpleegkundigen uit 
het Maasziekenhuis danken. Met name Marijke en Floor, zonder jullie was ‘de ACNES poli’ 
nooit geworden wat het nu is. 
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Vakgroep chirurgie Maasziekenhuis Pantein, Lodewijk, Floris, Peter C, Peter D, Otmar, 
Margrethe, Arjan, dank voor jullie geduld, interesse, ondersteuning en afleiding in de 
afgelopen jaren. Floris en Peter, jullie bijdrage aan de ACNES poli is bijzonder. Jullie 
bewijzen hoe besmettelijk ACNES kan zijn. Het is fantastisch om het ongeloof, de verba-
zing, de frustratie en het enthousiasme dat bij het behandelen van ACNES patiënten komt 
kijken met jullie te kunnen delen. 
Familie, vrienden, dank voor jullie geduld, begrip en interesse, maar ook voor het bieden 
van de nodige afleiding. In het bijzonder wil ik mijn schoonouders, Wil en Marius danken. 
Jullie steun in ons ‘drukke’ gezinsleven is van fundamentele waarde. We hopen nog lang 
van elkaar te kunnen genieten.
PacketsSoldDaily, de band. Etienne, Twan, Emile. Wat hebben we gelachen toen ik voor 
het eerst vertelde dat ik onderzoek ging doen. Ik kan jullie niet genoeg danken voor de 15 
jaar Packets. Ziel en zaligheid ging op in de muziek. Het was en is de ultieme afleiding 
voor het wetenschappelijke bestaan. Onze inspanning heeft geleid tot 2 cd’s vol hoogte- en 
dieptepunten. Ik ben er ongelooflijk trots op. Emile, jouw beslissing om een andere artis-
tieke weg te gaan is ons nog steeds niet geheel bekomen. PacketsSoldDaily is niet meer. 
Twan, Etienne, ik heb zin in de komende jaren, blaren op de vingers en gesprongen trom-
melvliezen. 
De Paranimfen, Sander Romijn, dank dat je me terzijde wil staan. Vanaf het begin van 
mijn opleiding is onze vriendschap uitgegroeid tot een zeer hechte. Jouw betrokkenheid 
bij ACNES als collega is er vanaf het prille begin. De vriendschap van onze gezinnen is als 
een goed feest.
Bas van Wageningen, kameraad, dank voor je rugdekking, niet alleen tijdens mijn promotie, 
maar ook voor al die andere keren. Wekelijk niets is jou en Niki te veel. Vanaf het begin van 
onze studie is er een bijzondere verwantschap ontstaan, zowel in onze carrière als privé. 
Deze is mij ongelooflijk dierbaar.
Gwenneth, zusje, deze drukke tijden staan ons samenzijn soms vreselijk in de weg. Ik ben 
ongelooflijk trots op wat jij hebt bereikt. Ik hoop er nog veel van te kunnen genieten, alhier 
jouw grootste ‘fan’.
Ben en Ria, lieve ouders, wat ik hier ook opschrijf valt per definitie in het niet bij wat jullie 
mij gegeven hebben. Jullie onvoorwaardelijke vertrouwen, betrokkenheid en liefde is 
onmetelijk. De afgelopen jaren hebben jullie een belangrijke ondersteunende rol gespeeld 
in ons gezin. Door jullie inzet heb ik ook fysiek de tijd en de ruimte gekregen om dit af te 
ronden in combinatie met mijn werk als chirurg en rol als vader en partner. Het was een 
grote klus, maar nu is het echt af! Het boekje bedoel ik dan natuurlijk. 
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Fenne en Sam, de hoogtepunten in ons leven, Lieve schatten, papa’s boek is af. Helaas is 
het geen boekje om uit voor te lezen, zoals jullie gehoopt hadden. Misschien zullen we 
ooit eens over dit boekje praten. Dank voor jullie begrip als papa weer eens achter de 
computer moest zitten. Jullie steelse knuffeltjes tussendoor hebben het werk veel lichter 
gemaakt.
Lieve, lieve, lieve Marieke, de grote rots in mijn chaotische branding. Ons leven is vaak 
‘full throttle at high volume’. Jouw aanwezigheid maakt het allemaal dubbel de moeite 
waard. Het is fantastisch om te zien wat jij allemaal weet te combineren. Dit talent is de 
drijvende kracht achter ons gezin. Ik weet niet hoe we het voor elkaar hebben gekregen, 
maar het is gelukt!!!
Tomorrow is the first day of the rest of our lives. Ik kan niet wachten…… 
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